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A Note on the Report of the Scoping Study Team
to the Eastern Nile Council of Ministers

The Nile Basin Initiative (NBI), launched by the Nile Council of Ministers in 1999, is widely recognized
around the world as a bold and historic effort of nine Nile riparian states to create a new future in
which the Nile will be a catalyst for cooperation, prosperity and peace, and not the barrier that it has
been for so long. Political commitment and hard work have already yielded substantial results, and
the focus is now shifting to the implementation of joint management and development projects which
will bring major shared benefits to the poor, to the environment and to the region as a whole. In 2005,
the Eastern Nile Council of Ministers (ENCOM), comprising the Ministers of Water Affairs from Egypt,
Ethiopia and Sudan, launched “the first phase of identification of a major program of multipurpose
joint development in the Eastern Nile,” initiating a series of assessments and consultations to inform
the selection of a first set of investments under a Joint Multipurpose Program (JMP). As an input to
this initiative, ENCOM requested the World Bank to commission an independent scoping study on the
opportunities and risks of Eastern Nile river management and development.

The report of the Scoping Study Team to the Eastern Nile Council of Ministers, Opportunities for
Cooperative Water Resources Development on the Eastern Nile, does not seek to represent the views
of any riparian country or of the World Bank. The report does provide the strategic insights of an
independent team on the inter-woven physical behavior of the Eastern Nile river system, characterizing
its responses to potential future uses of shared water resources and infrastructure development. The
report is one of several emerging from studies underway in the Eastern Nile and it will need to be
considered alongside these other reports. It is, however, important to consider this report carefully.

First, it is important because the Eastern Nile lies at the heart of Nile cooperation, calling for difficult
decisions that will profoundly influence poverty, development and security in the region. Second, it

is important because the technical analysis in the report informs these decisions, providing evidence
that the Eastern Nile is already a stressed system where multilateral cooperation is a rational choice
for each country, and the most sustainable and beneficial strategy for the basin as a whole. Third,
against this backdrop of political complexity and broad opportunity, the report is important because of
its independent authorship by two objective and impartial individuals of international renown who have
made every effort to produce a report that is fair, frank and clear.

Opportunities for Cooperative Water Resources Development on the Eastern Nile: Risks and Rewards



The geographic focus of the report is important because the Eastern Nile in particular has a long
history of dispute which has fed the belief that Nile development is an intractable zero-sum game and

a major foreign policy, national security and economic development issue. Development partners and
observers are aware that ENCOM has worked long and hard to replace this belief with: a vision of
cooperative development (ENCOM’s Eastern Nile 2020 Vision is given on page v as it is central to the
Eastern Nile agenda and to the support of development partners); a joint institution (the Eastern Nile
Technical Regional Office) to move this vision toward reality; and demonstrated results on the ground to
realize the vision and bring shared benefits to each country.

The technical analysis presented in the report is important because it is the first-ever serious attempt
to explore the Eastern Nile as a river system shared by three countries and to identify both the physical
potential of the river system to yield opportunities for cooperative development and the risks of
cooperation and non-cooperation. The report concludes that there is space for a first set of mutually-
beneficial, “no regret” multipurpose investments (good projects that will not foreclose important future
options). The report also indicates that the safe yield of the Eastern Nile is being reached as water
losses are very high, so that there are major risks in proceeding down the present path of unilateral
development in a time of growing populations, increasing water demand and the uncertainty of climate
change. These conclusions need to be understood and debated transparently by ENCOM members,
both within their countries and amongst themselves. A decision to move forward to identify afirst

set of JMP investments, bringing the countries together in joint planning, institutions, financing and
operations, cannot be taken lightly, and will not be easily implemented.

The independence and authorship of this report are also important, because this has resulted in clarity
and frankness, as well as a challenge to some “conventional wisdoms” that likely could not have been
achieved by a team from the riparian states or from development partners. The report takes, as its
pragmatic point of departure, the existing situation of uncoordinated infrastructure and plans. It uses
available information, tools, country aspirations and international perspectives to weave a tale of the
Eastern Nile, looking at the past, analyzing the present, and outlining implications for the future. From
national perspectives, some of these conclusions will be difficult to accept, for differing reasons. The
challenge will be for ENCOM to look at the Eastern Nile system as a common resource (“one sub-basin,
three countries”).

The report is not a master plan for the Eastern Nile, nor an assessment of individual options from economic,
social, and environmental perspectives. It does not identify a particular first project, advocate a particular
development path, or consider potential gains from conjunctive management of the Equatorial Lakes and
Eastern Nile systems. All of these tasks will need to be undertaken as the process of cooperation advances.
The report is a step on ENCOM's journey, a “fit-for-purpose”, preliminary analysis of the physical system of
the Eastern Nile, which precedes the in-depth analysis of the planned Nile-wide and Eastern Nile decision
support and modeling systems. The authors have consulted widely, in each of the three countries as well as
collectively, and some conclusions have been drawn for the first time on the Opportunities for Cooperative
Water Resources Development on the Eastern Nile.
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The needs are great. Poverty, conflict, food insecurity and environmental degradation plague the
region. The lives of many are at risk from hunger and starvation. Unsustainable livelihoods characterize
too much of the human settlement of the region — from the mountain slopes to the desert. Only a

small percentage of the population has access to electric power supplies, which are essential for
development, industrial expansion, inward investment and growth. Climate change will greatly increase
the risks faced by the EN countries. There is dispute and conflict in the region — but cooperation and
integration between nations are powerful alternatives to dispute within and among them. The JMP can
address these needs and make a major contribution to achieving food security, sustainable livelihoods,
access to electric power, industrial growth and inward investment, and regional security.

The peoples of the region, the world community and development partners have great expectations of
the NBI and of ENCOM, with high hopes of how cooperation will bring development benefits and foster
prosperity and peace. The NBI and ENCOM also have great expectations of the NBI development
partners, who have made strong commitments to support cooperative efforts. All these expectations
bring great responsibility to the NBI and to ENCOM to make the right choices for the people of the Nile,
and to NBI development partners to provide their wholehearted support.

David Grey

Senior Water Advisor for Africa and South Asia
World Bank

October 2008
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2020 Operational Vision of the Eastern Nile

The 2020 operational vision for the “Eastern Nile” and its co-riparian countries is a vision of strong
economies which will be working together and will be globally competitive. This will be achieved by
economic integration through joint physical, social, and economic infrastructure. The Eastern Nile sub-
basin will be characterized by: integrated multipurpose projects in power development and pooling,
transport, and irrigated agriculture; free movement of goods and services; and active inter-country
private sector cooperation, including high-technology industry. Together, this will provide an enabling
environment for inward investment and export of goods and services beyond the sub-basin, all within
an environment of trust, peace, and political stability.

Within this overall vision, the River Nile will serve as a key catalyst, with its yield increased and utilized

in a rational, fair, efficient, and environmentally sustainable manner, with effective flood and drought
management, watershed management, reversed desertification, and pollution control. The economic
risk associated with climate variability will be greatly lowered through integrated inter-country water
management, including effective rainwater harvesting and use. Basic needs — such as water supply and
sanitation services — of all the population will have been met in targeted poverty eradication programs.

A sound institutional and legal framework for cooperation will be in place, with high levels of confidence
and trust, and a strong record of promoting successful joint, win-win projects. This will be coupled

with strong capacity and phased implementation plans, linked to restructured and shared education,
training, and research programs.

Eastern Nile Council of Ministers Meeting, Addis Ababa, Ethiopia, January 2001
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Executive Summary

This report presents the findings and conclusions of an independent team of international experts (Don
Blackmore and Dale Whittington), who were commissioned to assess objectively the water resources of
the Eastern Nile and the opportunities available for cooperative development. The Eastern Nile Council
of Ministers (ENCOM) agreed in February 2005 to launch a first phase of identification of a major
program of multipurpose joint development of the Eastern Nile. This report provides an overview of the
strategic issues surrounding the identification of a first set of investments within a Joint Multipurpose
Program (JMP) and offers guidance to ENCOM in its deliberations.

At the request of ENCOM, the Team adopted three major criteria for evaluating JMP investments.

First, these investments should provide benefits to all three participating riparian countries (Egypt,
Ethiopia and Sudan): each should benefit as a result of cooperation. Second, the investments should
be multipurpose: they should yield various types of benefits that can be shared by all three nations and
that will foster economic integration. Third, the investments should cause “no regrets”; they should not
foreclose desirable investment options in the future or set the Eastern Nile riparians on a development
path from which serious negative consequences might arise in the long term. The first two of these
criteria limited the Team’s investigation to upstream sub-basins that lie at least partly in Ethiopia.

During the study, the Team used a computer simulation model of the river basin that incorporated
information about the countries’ water resources infrastructure, current water uses, and existing
development plans. This analytical approach enabled the identification of the key issues the countries need
to consider to achieve their agreed Eastern Nile 2020 Vision. The Team first examined the opportunities and
risks associated with three sub-basins as possible locations for launching an initial set of JMP investments:
the Baro-Akobo-Sobat, the Tekeze-Atbara, and the Abbay (Blue Nile). They then drew general conclusions
regarding the opportunities and risks associated with joint development of the Eastern Nile.

The Team'’s investigation of the JMP opportunities in the Baro—Akobo-Sobat sub-basin found

no evidence that large-scale infrastructure, including extensive pumping and drainage, would be
economically, socially, or environmentally feasible in the near term. Evidence from the latest satellite
data on the hydrology of the Machar Marshes showed that little water can be gained by reducing
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channel spills from the Baro—Akobo. Water storage or “water conservation” projects to increase
downstream flows in the White Nile would also raise complex environmental and social issues. The
Team thus concluded that although the Baro—Akobo-Sobat sub-basin has significant potential for
local development initiatives, it does not appear to offer attractive opportunities for a first set of IMP
investments for the Eastern Nile riparians. The Team believes that more studies of the Baro-Akobo-
Sobat sub-basin are needed before the Eastern Nile riparians can invest there with confidence.

In the Tekeze-Atbara sub-basin, potential hydropower generation sites are relatively small. This is an
advantage from the perspective of planning additions to the Ethiopian power grid, but such projects
are not likely to create multipurpose benefits of sufficient magnitude to foster regional cooperation and
economic integration among the Eastern Nile riparians. The Team thus concluded that none of the
currently identified projects in this sub-basin are suitable for a first set of JMP investments.

The examination of the Blue Nile sub-basin found that new water storage facilities would generate
large amounts of hydropower and would provide important multipurpose benefits to downstream
riparians, including flood control, sediment management, and improved navigation. Resettlement
and environmental issues would be minimal (and can be mitigated), and reservoir evaporation losses
would be small. The Team thus concluded that the Blue Nile sub-basin in Ethiopia provides the best
opportunities for a first set of JMP investments. Water storage and hydropower generation facilities
in this sub-basin could be complemented by investments in watershed management and irrigated
agriculture. Subsequent analytical work then focused on alternative scenarios for development in the
Blue Nile sub-basin.

This report presents seven Blue-Main Nile scenarios designed to illustrate how increasing upstream
withdrawals in Sudan and Ethiopia, selected new infrastructure projects, and climate change could
affect the possibilities for an initial set of JMP projects. The Nile waters are already heavily used, and
reservoir evaporation and channel losses are extremely high. Consumptive uses of water are growing,
and the Eastern Nile riparians are rapidly approaching the safe yield of the system. As upstream
withdrawals continue to increase, the Aswan High Dam Reservoir will operate at lower levels, much
closer to its design levels, than in the past few decades. Continued unilateral development, high system
losses, growing demand, climate change and other factors would soon result in stress, putting the
Eastern Nile water resources at serious risk. A cooperative approach to managing the Nile waters is
thus needed in order to manage this risk effectively, increase water availability, and capture the broader
economic benefits that can be derived from coordinated system development. There would be little
incentive for upstream riparians to invest in the large-scale investments and to agree to the operation
policies needed unless they also shared in these benefits.

From deliberations on the results of river basin simulation modeling, the Team believes that it is
possible for riparians to undertake an initial set of JMP investments on the Eastern Nile that will
meet the mutually agreed upon criteria. The anchor investment of this JMP initiative could be a large
multipurpose water storage and hydropower facility on the Blue Nile in Ethiopia. Although detailed
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economic, financial, and environmental analyses to plan for such a project remain to be done, it is clear
that a large multipurpose project on the Blue Nile, coupled with complementary investments, could offer
significant benefits to all three Eastern Nile riparians.

Ethiopia stands to benefit in financial terms from the sale of large amounts of hydropower to Sudan
and Egypt. Revenues from the sale of the hydropower could repay any loans for dam construction
and could fund efforts to improve livelihoods, including watershed protection, reforestation, enhanced
rainfed agriculture, and irrigation in the Ethiopian highlands. The largest volumes of water resources
in the Eastern Nile basin are in the Ethiopian highlands, the source of the three Eastern Nile sub-
basins. In these sub-basins, 500 billion cubic meters (bcm) of water evaporate annually from surface
water bodies, from the land surface, or through vegetation. Actions to make better use of this water
for enhanced food and fiber production — including programs to reduce soil erosion — should be a
cornerstone of any JMP.

Sudan would benefit in several ways from large upstream storage on the Blue Nile. Increased regulation
would improve hydropower generation and also water delivery to the Gezira scheme, enabling more
intensive, profitable year-round cultivation. The sediment loads reaching the Sennar and Roseires
reservoirs would be reduced. The flood peak in Khartoum could be reduced with coordinated reservoir
operation. Navigation would be improved in the spring and summer months before the arrival of the
Blue Nile flood. And depending on the outcome of the power trade negotiations, Sudan could receive
an alternative source of reliable, potentially inexpensive electricity.

Egypt also stands to benefit from upstream water storage in important ways. Like Sudan, Egypt could
receive an alternative source of reliable electricity. Egypt could also benefit in terms of long-term water
security from the coordination of new upstream storage with the Aswan High Dam to mitigate future
drought conditions and the consequences of climate change. In addition, there would be increased
opportunities for trade and regional integration with its Nile neighbors.

At present, there are sufficient water resources to permit Eastern Nile riparians to undertake a first
set of JMP investments in the Blue Nile sub-basin that includes new water storage and hydropower
generation facilities, irrigation development, and watershed management. Four factors support this
conclusion. First, evaporation savings from running the Aswan High Dam Reservoir at much lower
levels are about 4 bcm annually. These savings occur because Sudan and Ethiopia are using (and
evaporating) more water upstream; as inflows at Aswan are reduced, storage becomes lower, and
evaporation accordingly decreases. Second, operating at lower levels reduces spills from the Aswan
High Dam Reservoir. Third, the river flows of the last century have been higher than was assumed
when the reservoir was designed, allowing for additional water use. Fourth, most of the consumptive
use of water in the Eastern Nile basin is in irrigated agriculture, and there are significant opportunities
to increase water availability by improving water use efficiency in both existing and any new irrigation
schemes. We did not make detailed calculations of such potential water savings, but are confident that
they are sizeable.
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There is, however, a tradeoff between risks and rewards. Better management of reservoir evaporation
losses will allow increased water withdrawals, but will result in occasional deficits in low-flow (drought)
years. Regional cooperation is necessary to manage such tradeoffs and to maximize economic
benefits.

The analyses suggest several emerging challenges that pose new, complex risks for the Eastern Nile
riparians. Nile water allocation is only one of these challenges, and perhaps not the most difficult to
resolve. The benefits of regional cooperation will derive not only from overcoming the hurdle of achieving
equitable water allocation, but also from working together to find solutions to an array of basin-wide
issues including climate change, salinity build-up, sedimentation, and watershed management and
reforestation.
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Introduction

At their seventeenth meeting, on June 24, 2004 in Sharm El Sheikh, Egypt, the Eastern Nile Council

of Ministers (ENCOM)' adopted a planning approach to Eastern Nile development that included two
investment tracks. The first, a fast track, would include an initial set of investments to ensure the
accelerated delivery of tangible outputs from the Nile Basin Initiative (NBI).? The second, a multipurpose
track, would involve longer-term planning for multi-country, multi-sectoral development.

At their nineteenth meeting, on February 15-16, 2005 in Alexandria, Egypt, in order to accelerate the
multipurpose track, ENCOM agreed to launch an identification phase for a major program of multipurpose
joint development of the Eastern Nile. ENCOM requested that development partners support the preparation
of a plan for joint multipurpose investments. ENCOM also endorsed a proposal for an independent study to
help guide the integrated development of the water-related resources of Ethiopia, Sudan, and Egypt, and to
facilitate the selection of an initial set of investments for a Joint Multipurpose Program (JMP) for the Eastern
Nile. The World Bank agreed to commission this study on behalf of ENCOM.

In October 2005 an independent panel of two international experts (Don Blackmore and Dale Whittington)
was constituted to undertake a strategic assessment of the water resources situation in the Eastern Nile and
to advise ENCOM on cooperative prospects that the Eastern Nile riparians might consider undertaking as a
JMP:2 They were charged with bringing the main water resources issues facing Ethiopia, Sudan, and Egypt
into sharper focus and “scoping out” the pros and cons of different investment directions for a JMP. The
independent panel thus became known as the Scoping Study Team.

1 ENCOM comprises the Ministers of Water Affairs from Egypt, Ethiopia and Sudan.

2 Formally established in 1999, the Nile Basin Initiative (NBI) is a partnership of the riparian countries of the Nile. It includes Burundi, the
Democratic Republic of Congo, Egypt, Ethiopia, Eritrea (observer), Kenya, Rwanda, Sudan, Tanzania and Uganda. The NBI is guided by a
shared vision: “to achieve sustainable socioeconomic development through equitable utilization of, and benefit from, the common Nile Basin
water resources,” and includes basin-wide technical assistance and capacity building programs, as well as subsidiary investment-oriented
programs in the Eastern Nile (Egypt, Ethiopia and Sudan) and the Nile Equatorial Lakes (Burundi, the Democratic Republic of Congo, Egypt,
Kenya, Rwanda, Sudan, Tanzania and Uganda) regions.

3 Don Blackmore was Chief Executive of the Murray—Darling Basin Commission in Australia from 1990 to 2004 and is now an independent
consultant. Dale Whittington is Professor of Environmental Sciences and Engineering, and City and Regional Planning at the University of
North Carolina at Chapel Hill, USA, and Professor, Manchester Business School (Innovation, Management, and Policy Division), UK.
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This report presents the findings of the Scoping Study Team. It is an independent assessment and does not
necessarily represent the views of any of the riparian countries or of the World Bank. Our work is intended to
show what is possible on the Eastern Nile in terms of cooperative water resources management and investment.
We examine the impact of future developments on the shared water resources of the Eastern Nile riparians; we
were not asked to undertake the detailed economic, environmental, or social evaluations that will be necessary
for specific investment projects. Our task was to provide an overview of the strategic issues surrounding the
identification of a first set of JMP investments and to offer ENCOM guidance in its deliberations on what this
initial set of JMP investments could be. This work provides an early, objective, professional judgment of the
opportunities and risks associated with Eastern Nile water resources investments, to assist ENCOM in narrowing
the choices for an initial set of JMP investments.

The JMP is envisaged as a coordinated set of cooperative water resources and related investments, and
institutional building and strengthening, that will reduce poverty, promote economic development, and foster
economic integration throughout the basin (see Figure 1 for a map of the Nile basin and Figure 2 for a map of

the Eastern Nile sub-basins). There are three major criteria for JMP investments. First, these investments should
provide benefits to all three participating riparian countries: each should benefit as a result of cooperation.
Second, the investments should be multipurpose: they should yield various types of benefits that can be shared
by all three riparians and that will foster economic integration. Third, the investments should cause “no regrets”:
they should not foreclose desirable investment options in the future or set the participants on a development path
from which serious negative consequences might arise in the long term.

From the outset, the Team worked closely with each Eastern Nile country and with the Eastern Nile Technical
Regional Office (ENTRO) on the preparation of this report. Through ENTRO, the Eastern Nile countries provided
the Team with the most up-to-date data available. For the first time, these countries have worked together to
create shared, “one-system” inventories of basin-wide data on hydrology and water management infrastructure,
as well as social and environmental information.

In November 2005 the Team initiated its work by participating in an ENTRO workshop in Addis Ababa, Ethiopia,
on the development of a new Eastern Nile planning model. The Team subsequently formulated a plan for

the preparation of the Scoping Study analysis and report, which was discussed with ENTRO and country
representatives. In February 2006 the Team briefed the first meeting of a joint Regional Working Group (RWG) of
Egypt, Ethiopia, and Sudan.* In May 2006 the Team presented its initial results to the second meeting of the RWG
held in Alexandria, Egypt. To obtain in-depth feedback on its preliminary findings, the Team also met separately
with representatives of each participating country.

4 In early 2006 each Eastern Nile country delegated a group of experts and representatives from different sectors and institutions to work with ENTRO to
share knowledge about the Nile and their development aspirations. This group included individuals with expertise in water, power, agriculture, environment,
social development, economic planning, and finance. The group has become known as the Joint Multipurpose Program (JMP) Regional Working Group.
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Figure 1. The Nile River Basin
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Figure 2. The Eastern Nile and its sub-basins
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In August 2006 the Team again met with representatives of each country to discuss the emerging findings of the
study. These meetings included individuals in addition to members of the RWG, and provided each country an
opportunity to inquire about the analytical approach employed, the assumptions made, the data used, and the
preliminary conclusions reached. In November 2006 the Team made a final presentation of its findings to the third
joint meeting of the RWG of Ethiopia, Sudan, and Egypt in Dakar, Senegal. In April 2007 David Grey (Senior Water
Advisor, World Bank) presented the findings of the Scoping Study Team at the 23 meeting of ENCOM in Cairo.
In February 2008 the findings were presented at the second joint meeting of the Ministers of Water and Ministers
of Energy in Addis Ababa. In June 2008 the findings were discussed at an informal dialogue of the Ministers of
Water near Oxford, England. In August 2008 the Scoping Study Team held consultations in Cairo with Egyptian
participants and in Addis Ababa with delegations from Ethiopia and Sudan. Representatives of the Eastern

Nile countries and ENTRO have thus participated extensively in the formulation and development of the results
presented at that time and in this report.

The next, second chapter of this report provides a brief overview of the key economic and water resources issues
in the Eastern Nile basin and the emerging challenges that Ethiopia, Sudan, and Egypt are likely to face in their
search for cooperative solutions. Chapter 3 summarizes the analytical approach the Team adopted in its work and
the strengths and limitations of that approach. Chapter 4 presents an assessment of the current situation (status
quo conditions) in the Eastern Nile in terms of consumptive water use, evaporation and conveyance losses, and
water security. Chapter 5 summarizes the unilateral actions currently underway in the basin and discusses the
implications of these developments for future cooperation.

Chapter 6 describes the main types of future investment projects that have been proposed and discussed as a basis
for a JMP in three sub-basins: the Baro—Akobo-Sobat, the Tekeze-Atbara, and the Abbay (Blue Nile) in Ethiopia.® We
conclude from this review that the Abbay (Blue Nile) sub-basin in Ethiopia offers the best opportunities for an initial set
of JMP investments. In chapter 7 we illustrate the consequences of various degrees of development on the Abbay
for downstream riparians, as well as the opportunities for regional cooperation and economic integration. Chapter 8
summarizes the report’s main messages and presents its conclusions and recommendations.

5 We largely focused our attention on multipurpose storage and hydropower and irrigation projects, many of which have been proposed in the development
and master plans of the Eastern Nile countries. The JMP is also expected to include environmental and social development projects.
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Background

All three Eastern Nile riparians aspire to the goals of economic development, environmental protection,
and poverty alleviation. Ethiopia, Sudan, and Egypt recognize that their economic development is
affected by how they manage their shared resource, the waters of the Nile, and they have committed
themselves to cooperate on river basin management and development issues. All three countries must
ensure that their population and economy have sufficient water supplies for human consumption, food
production, industrial growth, and other uses (World Bank 2003a and ¢, 2005, 2006). This problem

is technically challenging because the northern portion of the Nile basin is very arid and because the
flows of the Nile are extremely variable, both within a typical year and over long historical periods. In the
southern portion of the Eastern Nile basin soil erosion is severe and agricultural productivity is low.

At the beginning of the 21t century, the Nile poses different risks and opportunities for each of these

three riparian countries. For millennia Egypt was plagued by cycles of floods and droughts, but since the
completion of the Aswan High Dam in 1971 the country has enjoyed a high degree of water security. Given
current water withdrawals upstream, the over-year storage provided by the Dam essentially guarantees
Egypt a secure, reliable supply of water for all but the most severe sequences of low-flow years. Even in
times of extreme drought, Egypt is currently at no risk of being without water for its municipal, industrial,
and most of its agricultural users. As with all downstream riparians, a perennial question for Egypt is how its
current water security will be affected by future upstream water resources development.

As one moves upstream in the basin, rainfall (Figure 3) and poverty increase; temperature first increases
and then decreases (Figure 4).6 The GDP per capita of Sudan is only 33% of Egypt’s, and Ethiopia’s

is only 20% of Egypt’s (Figure 5).” Sudan still faces three problems that Egypt confronted before the
completion of the Aswan High Dam: lack of sufficient over-year storage to supply water to its irrigation
schemes; damages from floods; and sedimentation of its reservoirs and irrigation system. If more

6 Note that in Figure 4 the average annual temperatures in northern Egypt and southern Ethiopia are in fact similar. This is because Egypt’s
winters are cool and its summers are very hot, resulting in a mean that is similar to Ethiopia’s annual mean.

7 ltis not, of course, our intention to imply that Ethiopia’s and Sudan’s lower GDP per capita has somehow been caused by, or is the result of,
Egyptian actions or policies.
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reliable water supplies were available, Sudan has vast land resources that could be brought under irrigation. But
Sudan has few good sites for storing Nile water.

Ethiopia remains today, as it has throughout most of recorded history, the poorest of the three Eastern Nile
riparians. Food security and the associated need to improve the livelihoods of rural households are its most
pressing national priorities. Figure 6 shows that daily calorie supply in Egypt is more than twice that in Ethiopia,
and life expectancy in Egypt is 23 years longer than in Ethiopia. Like Egypt and Sudan, Ethiopia has made a high-
level policy decision to expand its irrigated agriculture sector to improve its precarious food situation.  Ethiopia
faces many challenges in this endeavor, including soil erosion and land degradation, lack of access to markets,
waterlogging in some areas from high rainfall, and the high cost of infrastructure development.

In the past, dialogue among the Eastern Nile riparians has generally focused on the issue of water allocations
(Waterbury, 2002; Wu and Whittington, 2006). We do not intend to minimize the significance of this subject, but
Nile water allocation is only one of the challenges that must be confronted. The benefits of regional cooperation
will largely derive from working together to resolve basin-wide water management problems, seizing development
opportunities, and addressing environmental issues.

From our perspective, there are several emerging challenges that pose new, complex risks for the economies of
the Eastern Nile riparians. One such challenge involves issues surrounding climate change. The rapid warming

of the earth’s atmosphere due to greenhouse gases will affect the Nile riparians by: 1) increasing evaporation
rates from reservoirs; 2) increasing crop water requirements; 3) reducing agricultural yields in some places due

to extreme temperature events; 4) changing precipitation patterns; and 5) inducing rises in sea level. Average
temperatures in Egypt and Sudan are forecast to increase 2.5 degrees C by the year 2100 (Elshamy et al., 2006).
This is estimated to increase evaporation rates from storage reservoirs by about 4% and increase crop water
requirements by about 10%. Increased crop water use, carbon dioxide fertilization, and changes in growing
seasons may not translate into increased crop yields if extreme temperatures damage crops (Adams et al., 1998;
Schlenker et al., 2005, 2006).

8 In this report the Team makes no judgments about the economic returns from such investments in irrigation schemes in Ethiopia. Similarly, we do not
attempt to assess the economic feasibility of new irrigation by the Toshka Project in the western desert of Egypt, or the ambitious master plans of the
Sudanese government to expand irrigated agriculture. Rather, we analyze the likely consequences for the Eastern Nile riparian countries of pursuing these
irrigation plans. The reader should not interpret this to mean that we necessarily believe these to be sound investments from an economic or financial
perspective.
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Figure 3. Annual rainfall in the Eastern Nile Basin
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Figure 4. Distribution of mean annual temperatures in the Eastern Nile Basin
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Figure 5. Population and per-capita GDP (2005) of Nile Basin countries
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Figure 6. Food security and life expectancy (2003) in Nile Basin countries
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Changes in precipitation in different parts of the basin are uncertain, but one should expect that the hydrology of the Nile
in the future will look different from the past, thereby increasing management complexity (Sene et al., 2001; Legesse et
al., 2003). Even if global greenhouse gas emissions were to stabilize at existing levels, sea level is expected to rise by at
least 0.5 meters by 2100. Figure 7 shows the location of the Mediterranean Sea at the northern edge of the Nile Delta
today, with projections of how far the sea would advance inland with a 0.5-meter rise.

Other potentially serious risks can already be felt throughout the Nile basin. Egypt in particular faces three complex
challenges: 1) increasing salinity buildup in its agricultural lands; 2) land subsidence in the Nile Delta (about 0.5
meters per century);® and 3) continual loss of agricultural land to urbanization. Farther upstream, sedimentation
resulting from soil erosion in Ethiopia puts downstream reservoirs and existing irrigation schemes in Sudan

at risk. And as Ethiopia makes progress with watershed management and reforestation programs in order to
improve rural living conditions, evapotranspiration from vegetation in the highlands will likely lead to reductions in
downstream river flows. The reestablishment and enhancement of vegetation (crops and forests) in the Ethiopian
highlands will result in patterns of surface water flows that more closely resemble the natural conditions that
existed before massive deforestation.'® The combined effects of all of these developments will present the Eastern
Nile riparians with unprecedented management challenges that can only be addressed through cooperative
actions.

Regional cooperation will require different kinds of contributions from each of the Eastern Nile riparians. Egypt
has capital and technical expertise, but only a limited number of attractive new water resources investment
opportunities. Sudan has land for new irrigation schemes, but few good storage sites. Ethiopia’s natural
advantages include high runoff and good storage sites suitable for hydropower developments, but it has little
capital, a limited national market for its potential hydropower, and limited land for economically attractive irrigation
schemes. The Eastern Nile riparians will thus need to work together if they are to make the best use of their
existing assets (both natural and man-made) and to address the complex risks due to climate change, salinity
build-up, sedimentation, and watershed management and reforestation. The initial set of JMP investments is
envisaged as a first step on this road to cooperation.

9 The impacts of land subsidence are exacerbated both by sea level rise and by the capture of sediments upstream in the Aswan High Dam Reservoir.

10 The consequences of watershed management and reforestation in Ethiopia are complex and need further study (World Bank, 2003c).
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Figure 7. Effect of sea level rise on the Nile Delta
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Analytical Approach of the Scoping Study Team

The Team was greatly aided in its work by the early efforts of ENTRO to assemble data from the
Eastern Nile riparians; by the ltaly/FAO-sponsored Nile basin modeling work undertaken over many
years by Aris Georgakakos, Professor of Civil Engineering at Georgia Tech University, USA; and by
work commissioned for the Team from WaterWatch B.V. (of the Netherlands). The Decision Support
Tool (DST) developed by Professor Georgakakos was of pivotal importance in the Team’s analytical
approach.™

The Team used a modified version of the DST (see Appendix A) to characterize the current conditions
in the Eastern Nile and an “evolving conditions” scenario to describe what is happening presently in
terms of unilateral developments. We then defined a limited number of illustrative scenarios of irrigation
withdrawals and infrastructure development (for example, multipurpose dams) in Ethiopia, Sudan,

and Egypt and used the modified DST to simulate what the consequences would be for hydropower
generation, irrigation deficits, evaporation losses, storage levels, and flood control. A “climate change
scenario” was then similarly modeled and compared with the evolving conditions scenario.

For all of the simulations, we used the 64-year historical hydrological sequence of 10-day Nile flows from January
1913 through December 1976. For analytical purposes we assumed that different water resources projects
(infrastructure) and irrigation schemes (and associated water withdrawals) were in place in the three riparian
countries and then assumed that the 1913-1976 hydrological sequence was repeated in the future.'?

11 See Yao and Georgakakos, 2003a, 2003b. The Nile Decision Support Tool was developed under project GCP/INT/752/ITA “Capacity Building
for Nile Basin Water Resources Management,” which is the predecessor of the current project GCP/INT/945/IT, “Information Products for Nile
Basin Water Resources Management.” Both projects were funded by the Government of Italy and implemented with operational and technical
support from the Food and Agriculture Organization (FAQ) of the United Nations.

12 In other words, we use the historical data to look forward, not backward, in time. The simulations are not an attempt to replicate past
conditions. What actually happened in the historical period from 1965—1975, for example, may not be at all what happens in the model for
the same sequence; the hydrological conditions are the same, but the infrastructure and irrigation demands assumed for the model may not
be what were in place in historical actuality.
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Longer hydrological sequences exist for some locations in the Nile system, but we used the 1913-1976 sequence
because it provided the longest period for which flow records were available at most of the stations in the DST
model."™ Because this 64-year sequence includes periods of both droughts and high floods, we could examine
how the Nile system would behave under some extreme hydrological conditions. Of course, future hydrological
conditions might arise that would be outside that 64-year experience; indeed, one would expect new, different
flow sequences to occur as regional and global conditions change over time, most particularly as the global
climate warms. But we believe that the historical 1913-1976 sequence offers a sound basis from which to run
simulations exploring the consequences of future developments. '

Running the DST simulation model over the 1913-1976 historical sequence, with different infrastructure
configurations and varying irrigation withdrawals at various points in the basin, yields several different types of
results or outcome indicators. First, the model calculates the electricity generated from each hydropower facility
that is assumed to be online in the system.® This enabled us to estimate mean annual gigawatt hours produced
over the 64-year simulation at each facility and in each of the riparian countries.

Second, the model calculates whether there is sufficient water to meet irrigation targets at the irrigation schemes in
the system and also estimates the time series of deficits at each location. The simulations examined generally show
sufficient water to meet the water targets of the upstream irrigation schemes, such that any water shortages would
cumulate in the Aswan High Dam Reservoir and show up as deficits in target releases from the dam. In practice,

it would not be necessary to manage deficits in this way; during a sequence of years with low flows, the upstream
riparians could share any shortfalls from irrigation targets. For present analytical purposes these deficits in the
model simulations are most appropriately interpreted as system-wide shortfalls before any cooperative attempt to
apportion them more equitably (and before any agreement to reduce target releases). In other words, although our
model results show these deficits as reductions in Egyptian target releases from the Aswan High Dam Reservoir,
this is not in practice how shortfalls in withdrawals would be managed if a regional cooperative institutional
arrangement were operational.

Third, the model results can be presented in terms of storage, evaporation, and water levels at reservoirs that

are assumed to be continuously in place over the course of the simulation.'® For example, on this basis it is
possible to simulate what happens to the storage in the Aswan High Dam Reservoir over the 64-year hydrological
sequence when changes are made in irrigation withdrawals and reservoirs upstream. Fourth, the model can be
used to generate hydrographs at different points in the system, which can be used to estimate the risk of floods.

13 We recognize that the 1990s has another sequence of low-flow years, and that if our simulations used a hydrological sequence that incorporated these low
1990s flows, then our model results would show higher system-wide deficits.

14 Synthetic hydrological sequences will certainly prove useful for future planning efforts.
15 The DST also estimates the power requirements for the Toshka pumping station under different scenarios.

16 The evaporation estimates provided by the DST and presented in this report are net evaporation estimates from reservoirs only. They do not include
evaporation losses from conveyance, lakes, wetlands, or irrigation areas (which are accounted for separately).
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For purposes of illustration, we converted some of these DST results into monetary estimates of economic benefits.
For example, if one assumes that each kilowatt hour of electricity generated from hydropower facilities is worth a
specified amount, a simple multiplication will yield a monetary estimate of the mean annual value of the hydropower
generated. Similarly, if one assumes that a cubic meter of water in irrigation is worth a specified amount, one can
estimate the mean annual economic value of water delivered to irrigation schemes in the basin over the course of
the simulation.

It was beyond the scope of the Team’s work to attempt to estimate with precision the economic value of either
a kilowatt hour (kWh) of electricity or a cubic meter of water delivered to different irrigation schemes along the
Eastern Nile. We simply used some illustrative unit values that we believed were reasonable from international
experiences (USD 0.06 per kWh; USD 0.05 per cubic meter) in order to show the approximate magnitude of the
mean annual economic value of hydropower generation and irrigation water in the Eastern Nile system, and how
changes in infrastructure configurations (such as new dams) could affect these totals." '

We did not examine water resources development options for the White Nile. However, we have incorporated the
historic hydrology of the entire basin into our analytical framework. The impact of future developments on the White
Nile will need to be considered as comprehensive, basin-wide planning efforts proceed.

It is also important to appreciate what the DST cannot do. Because it is difficult to add new projects to the model,
we were only able to include a few such projects that we would have liked to analyze.”® Moreover, the model does
not generate “best” (optimal) selections of infrastructure projects, or groups of projects, for obtaining the most
hydropower or water for irrigation. Analysts themselves decide which projects to put into a given simulation; if
someone includes a project with poor economic returns, the model does not reject it. Rather, the DST simply
assumes that this project exists and simulates the behavior of the system with that project in place. Similarly, in
the version of the DST available to the Team, analysts must decide how to define the operations of dams included
in the simulation; if the operating rules are poorly thought through, the potential benefits of the infrastructure will
not show up accurately in the results of the simulation. And as with all models, the results of the DST can also be
sensitive to assumed values assigned to parameters such as evaporation rates from reservoirs, conveyance losses,
efficiency of hydropower generation facilities, and topology of the reservoir sites.

17 The economic value of USD 0.06 per kWh assumed here could be higher or lower depending on the location of the hydropower generation facility in
relation to the load centers and the existence of transmission lines and local grids. Other factors affecting the economic value of hydropower generation
include the reliability of the power produced and whether the electricity delivered is firm or peaking power. The assumed unit value of water in irrigation
(USD 0.05 per cubic meter) would be reflective of the value of water in historical uses, not the value of water in highly efficient, modernized irrigation
schemes.

18 The assumed value of water in irrigation of USD 0.05 per cubic meter corresponds to net returns of about USD 500 per hectare with a water duty of
10,000 cubic meters per hectare. Economic returns to water in irrigated agriculture in the Eastern Nile basin will be higher when irrigation and agricultural
systems are modernized.

19 One difficulty in adding new projects to the DST is that good modeling practice requires that the operating rules for any new projects be carefully
coordinated with those of existing projects. On a complex river system with multiple control structures, this is typically a nontrivial task.
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Perhaps most importantly, we recognize that large infrastructure developments on the Eastern Nile may have many
outcomes beyond the “traditional” benefits of hydropower generation, flood control, and water supply. Cooperative
water resources development could launch the Eastern Nile riparians on a cycle of increasing economic integration,
specialization, and trade, leading to accelerated economic growth, poverty reduction, and reduced military
expenditures. Indeed, this is everyone’s hope.

Large-scale water resources development would also bring social changes, both positive and negative. Water
resources investments have the potential to be transformational in the sense that the economies of countries
and the lives of populations may be changed in fundamental ways. This has in fact happened in Egypt since the
completion of the Aswan High Dam. The population today no longer faces risks of extreme floods and droughts,
and this has changed both the economy and the social fabric of Egypt.

Large-scale water resources investments can also have profound environmental and ecological consequences.
The results of the DST planning model do not include an assessment of lands flooded by new dams or of changes
in geomorphology that could result from changing hydrological regimes. Nor does the DST account for the effects
of such changes on the livelihood of people engaged in recessional agriculture.?° These types of environmental and
social outcomes are outside of the formal modeling context that the Team employed.

We do not thereby intend to minimize the importance of such difficult-to-measure consequences (both costs

and benefits) of large-scale water resources development. Rather, the evidence base and analytical tools at our
disposal simply did not permit us to say anything definitive or conclusive about such matters. We thus decided to
focus on the behavior of the river itself, and to restrict our observations to issues that could be addressed with the
evidence available. This may seem like an overly modest and limited goal, but several key insights emerged from
the resulting analysis that will be important to policy makers as they work toward cooperative arrangements in the
basin. As ideas for projects emerge within the JMP framework, they certainly will be subject to state-of-the-art
environmental, economic, and social assessments and require consultation with civil society.

20 Farmers engaged in recessional agriculture directly use the water from the annual Nile flood, planting their crops on the saturated ground when the flood
waters recede. Such recessional agriculture was the prominent form of irrigation until the 19th century and is still practiced in some parts of Sudan and
Ethiopia today.
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Current Conditions (Status Quo) (Scenario A)

The Eastern Nile riparians share a river that, from a global perspective, is unique in several important
respects. All of the waters of the Nile are now used for some purpose; there is no “free” water left in
the basin. Even the water eventually flowing into the Mediterranean, about 13 billion cubic meters
(bcm) annually, serves an important purpose to the river system, as it exports (carries away) salt, thus
preventing further salinization of agricultural lands (Ministry of Water Resources and Irrigation, Arab
Republic of Egypt, 2005). Not all of the water in the basin is presently allocated to high-value uses, but
any new use of water does involve a tradeoff.

In fact, the most salient characteristic of the Nile today is its high evaporation and conveyance losses.
There are four different types of water losses on the Eastern Nile.

e About 19 bem are lost annually from man-made reservoirs. Figure 8 presents summary
estimates of the magnitude of the annual evaporation losses at various reservoirs in the Nile
system. A major source of the evaporation losses from reservoirs in the Eastern Nile is the
Aswan High Dam Reservoir.?' Reservoir losses can be influenced by the addition of new water
storage facilities and the way existing and new dams are operated.??

® Annual conveyance losses directly from the river channel now total approximately 20-23
bcm. In the DST these losses are estimated as a fixed percentage of the volumes flowing
down the river. If new water storage facilities were constructed in Ethiopia, for example, river
channel losses would likely be reduced. But we do not have the analytical tools to assess the
magnitude of such changes.

® Losses occur from irrigation systems operated throughout the Eastern Nile basin. More than
60 bcm of water are supplied annually to irrigation developments in the basin. A significant
proportion of this is not used by crops but is “lost” along the irrigation distribution channels or
after delivery to farms. Improved irrigation system efficiency can reduce such losses, but some

21 The reservoir formed by Aswan High Dam is commonly referred to in Egypt as “Lake Nasser” and in Sudan as “Lake Nubia.”
22 We report the reservoir losses associated with each of our scenarios.
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Figure 8. Inflows, evaporative losses, and total flow of the Nile system at different points in the basin
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losses are an unavoidable cost of operating large, complex irrigation schemes. The Team did not have
the analytical tools to assess the water use efficiency of different irrigation schemes existing or planned
in the Eastern Nile countries; this is an important area for future research. Additional water supplies
undoubtedly can be obtained by reducing such losses from on-farm and network distribution channels.

® \Water evaporated from floodplains is often referred to as “losses.” However, in many cases, this water
provides important environmental, agricultural, and fishery benefits. The overall Nile system has many
large wetland systems that are directly connected in hydraulic terms with the river. On the Eastern
Nile such wetlands are especially important in the Baro—Akobo-Sobat sub-basin. The management of
wetlands to produce more regulated water to the Nile has been the focus of many investigations over
the past century (e.g., Hurst et al., 1946; Jonglei Investigation Team, 1954; Howell and Allan, 2004). The
Team'’s analysis does examine the potential of these wetlands to provide increased flows into Eastern
Nile rivers.

Another notable characteristic is that for a river of its size, the Nile has a relatively modest amount of existing
infrastructure. The Aswan High Dam is the largest, most important existing water infrastructure facility in the Nile
basin, with a live storage capacity of 137 bcm (Table 1).22 Completed in 1971, it provides Egypt with the benefits
of a large over-year storage reservoir in the Saharan desert. From Lake Tana in the highlands of Ethiopia to the
Aswan High Dam Reservoir (a distance of about 3,000 kilometers), the river is subject to little regulation. In Sudan
there are four dams: Sennar and Roseires on the Blue Nile; Khasm El Girba on the Atbara River; and Gebel

Aulia on the White Nile (Table 1, Figure 1). Sennar, Roseires, and Khasm El Girba provide seasonal storage to
supply Sudanese irrigation schemes. The Gebel Aulia Dam was built to supply water to Egypt during the low-flow
summer months, but since the completion of the Aswan High Dam, it is no longer needed for that purpose. Today
irrigation schemes have grown up along the banks of the White Nile that rely on direct pumping from the river,
and the level of the Gebel Aulia Reservoir is maintained to reduce these pumping costs. The only significant water
infrastructure on the Nile in Ethiopia is the regulation of the outlet from Lake Tana.

Current and evolving conditions in the Nile basin cannot be well understood without reference to the 1959

Nile Waters Agreement between Egypt and Sudan. Egypt needed to reach an agreement with Sudan before
construction of the Aswan High Dam could proceed, because the waters of the reservoir upstream of the
proposed dam would encroach on Sudanese territory. Ethiopia was not a party to this agreement and has never
recognized it. The Team takes no position regarding the Agreement, but it is necessary to understand some of its
specific provisions because both Egypt and Sudan have based their development plans on the water allocations
specified in the Agreement.

23 By “live storage” we mean the volume of water in the reservoir than can be controlled by releases from the dam, i.e., the storage that is above the elevation
of the discharge points in the dam.
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Initial live Estimated Installed

Year storage storage hydropower

Name River completed (bcm) remaining (bcm) Purpose capacity (MW)

Roseires Blue Nile 1996 3.3 1.942 Hydropower, 400
irrigation

Sennar Blue Nile 1925 0.9 0.642 Hydropower, 65
irrigation

Khasm El Girba  Atbara 1964 1.3 0.62 Hydropower, 10
irrigation

Gebel Aulia White Nile 1937 2.8 1.75° Hydropower, 17
irrigation

Aswan High Nile 1970 137.3¢° Almost all Hydropower, 2100

Dam irrigation

2 Estimates obtained from Ministry of Irrigation and Water Resources, Sudan
b Estimates from Water for the Future: National Water Resources Plan 2017 (Ministry of Water Resources, 2005)
¢ Includes flood and surcharge storage (Ministry of Water Resources, 2005)

The central feature of the 1959 Nile Waters Agreement is that, rather than assigning a proportion of the Nile flow
to each country (and thus sharing directly in the risks inherent in an uncertain hydrology), Egypt and Sudan first
agreed to accept an estimate of the annual flow of 84 bcm measured at Aswan (the mean over the years 1900—
1959) and then allocated this amount between themselves. Sudan was allocated 18.5 bcm annually, measured
at Aswan.?* After adjustment was made for mean annual evaporation losses from the Aswan High Dam Reservoir
(estimated in the treaty to be 10 bcm), Egypt was left with an annual allocation of 55.5 bcm for releases from the
Aswan High Dam.

The Agreement requires that key information be exchanged between the two countries: the quantity of water
withdrawn in Sudan, and the releases from the Aswan High Dam. In the years since the Agreement was
negotiated, two notable issues have affected the operations of the dam. First, when Sudan takes less than its

full allocation, the “unused” water flows on to the Aswan High Dam Reservoir and is available for use in Egypt.
Second, the assumed mean annual flow of 84 bcm is based on a sequence of relatively low-flow years. Other,
longer hydrological sequences result in higher mean annual flows (Figure 9). For example, the 1871-1999
historical sequence has an annual mean of 91 bcm. For the sequence 1913-1976 used in the Team’s simulations,

24 Sudan’s 18.5 bem translated into withdrawals upstream in Sudan of 20.5 bem, on the assumption of 10% average losses from Sudan to the Aswan High
Dam (20.5 x 0.9 = 18.5).
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Figure 9. Historic flows at Aswan
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the mean flow is 88 bcm. Future hydrology could have a lower or higher mean than seen in these historical
intervals, due to climate change or other causes.

Each country provided the Team with information about their projected annual withdrawals from the Nile over the
next several years. Egypt gave a figure of 55.5 bcm as their current use. Sudan currently uses 13.5 bcm, and
gave an estimate of projected use of 18.5 bcm (measured at Aswan). These estimates of projected use are the
figures agreed between the two countries. Ethiopia’s current water withdrawals from the Nile are 0.3 bcm annually
(ENTRO, 2006a; Norplan, 2006). Ethiopia seeks to develop about 1 million hectares of irrigated agriculture in the
Tekeze, Abbay and Baro-Akobo sub-basins, in accordance with its completed master plans. Based on these
plans, the Team estimated that Ethiopia’s annual withdrawals would increase to about 5-6 bcm over the planning
horizon of our scenario analysis.

To estimate evaporation losses and hydropower generation in the basin under current conditions (Scenario A), we
used the DST to simulate the Nile system based on three main assumptions:

1. All currently existing infrastructure is in place.
2. The 1913-1976 hydrological sequence is used to simulate present and future conditions.

3. Water withdrawals by Ethiopia, Sudan, and Egypt remain at current levels over the 64-year simulation
(i.e., in this first scenario (A), we assume that Egypt releases 55.5 bcm; we change this assumption in
Scenario F).

The results for the simulation of current conditions (Scenario A) are presented in Table 2.2 Most of the annual
14,600 gigawatt hours (GWh) of hydropower produced in the Nile basin is generated in Egypt (12,100 GWh/yr);
Sudan averages about 1,500 GWh/yr, and Ethiopia about 1,000 GWh/yr. Annual evaporation losses from the four
reservoirs in Sudan are estimated to be about 4.5 bcm. Most of these losses are from the Gebel Aulia Reservoir.26

25 Note that Scenario A is conceptually different from the other scenarios in this report in the sense that it describes a situation that has already been
superceded by events. In other words, the Eastern Nile riparians have already made decisions on unilateral developments that will mean that Scenario A is
not a possibility in the future.

26 The calculated losses from Gebel Aulia Reservoir reported in the literature vary significantly. The losses reported in Table 2 are higher than some estimates,
in part because the DST calculates losses for very long distances upstream from the dam itself.
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Reservoir Hydropower

evaporation Withdrawals generation Average deficit
losses (bcm/yr) (bcm/yr) (GWh/yr) (bcm/yr)

Egypt — Aswan 14.3 55,6 12,080 -
Sudan -

Roseires 0.33 1,370 =

Sennar 0.58 105

Gebel Aulia 3.45 0

Khasm El Girba 0.12 13.8 40

Total 4.48 1,520
Ethiopia - 0.3 950 -
Total 18.8 69.6 14,600 None

Figure 10 shows fluctuations in storage in the Aswan High Dam Reservoir over the course of the 64-year
simulation. In this simulation the Aswan High Dam Reservoir generally operates at very high levels. Egypt does not
experience a deficit from its assumed target release of 55.5 bcm. Indeed, in many years of the simulation, Egypt
enters the summer growing season (when agricultural water use peaks) with almost two years’ supply of water

in the Aswan High Dam Reservoir. This simulation shows that Egypt currently enjoys a much higher level of water
security than was envisaged when the Aswan High Dam was designed.

Because the Aswan High Dam Reservoir runs close to “full” during much of the simulation, the surface area of

the reservoir is extensive and evaporation losses are accordingly high: estimated annual mean losses are 14.3
bem. Actual evaporation from the Aswan High Dam Reservoir has been significantly less than that amount in the
recent past, for several reasons: 1) Egypt took several years to fill the Aswan High Dam Reservoir; 2) Egypt has
been releasing more than 55.5 bcm from the Aswan High Dam; 27 and 3) Egypt has released water into the Toshka
spillway in order to avoid scouring of the Nile channel and barrages downstream of the Aswan High Dam.?®

27 For example, if releases downstream of the Aswan High Dam were 60 bcm per year, estimated mean annual evaporation from the Aswan High Dam
Reservoir would be 12.7 bem. If releases were 65 bem per year, estimated mean annual evaporation would be 9.4 bem.

28 The Toshka spillway is an overflow outlet off the western side of the Aswan High Dam Reservoir designed to release excess floodwaters into the desert.
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Figure 11 presents the actual mean monthly and annual releases from the Aswan High Dam over the period
1979-2001 (spills to the Toshka spillway are not shown). The mean annual release at Aswan over this period

was 57.5 bem. In fact, Egypt had no choice but to release and/or spill water in excess of 55.5 bcm because the
Aswan High Dam was designed on the assumption that Sudan would be withdrawing much more water than

it does today. Sudan is currently using 4.2 bcm less than anticipated under its agreement with Egypt. Under
present conditions it is difficult for Sudan to intensify or modernize cultivation in the Gezira irrigation scheme due
to sedimentation at the Sennar Reservoir and an inability to better regulate the Blue Nile flows in order to provide
reliable irrigation supplies during the seasonal low-flow periods (spring—summer). The Gezira thus remains a much
underutilized asset in the Nile basin.

Similarly, Ethiopia has made little progress on its own water resources development plans. From 1958 to 1963
the Ethiopian Ministry of Public Works and Communications and the United States Bureau of Reclamation
(USBR) studied the potential for hydroelectric power generation and irrigation in the Ethiopian portion of the Blue
Nile sub-basin. The investment program recommended in their report included four major hydroelectric power
generation dams in the Blue Nile gorge downstream of Lake Tana (at Karadobi, Mabil, Mendaya, and Border) and
irrigation projects totaling 484,000 hectares with an associated estimated annual gross irrigation requirement of

6 bcm (USBR, 1964).2° More than 40 years later, to the best of our knowledge, none of these projects has been
completed, although pre-feasibility and feasibility studies recently have been commissioned for a number of them.

29 The Scoping Study Team estimated that 1 million hectares of irrigation in Ethiopia would require a net 6 bcm. There are two reasons for the difference
between the USBR’s and the Team’s estimates of crop water requirements in Ethiopia. First, the Team’s estimates are for net water use, not gross, i.e.,
they assume significant return flows to the river system. We believe this is an appropriate assumption because planned irrigation schemes in Ethiopia will
require modern drainage systems. Second, we estimate that gross application will be less than the USBR assumed over 40 years ago. Our estimates of
crop water requirements will need to be confirmed through field trials.
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Figure 10. Storage in Aswan over the 64-year hydrological sequence in Scenario A, current conditions
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Figure 11. Monthly releases from the Aswan High Dam (actual), 1979-2001
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Evolving Conditions:
Implications of Unilateral Developments (Scenario B)

All three Eastern Nile riparians are currently planning and constructing development projects. These
projects have not been developed as part of a basin-wide cooperative investment program. This chapter
describes how existing conditions will change when these currently planned, unilateral developments
are completed. This scenario (B) should be considered the baseline against which the consequences of
other future scenarios can be assessed.®

Sudan is currently building a hydroelectric dam on the Main Nile at Merowe with an installed capacity of
1,250 megawatts (MW).3' The project is expected to cost USD 1.5 billion (including transmission lines to
Khartoum); the dam is now nearly completed and is being filled. The Team assumes that for Scenario B,
Sudan will have the financial resources to expand its irrigated agriculture and withdraw an additional 4.2
bcm from the Nile, bringing the total to the planned 18.5 bcm.

Ethiopia is also now moving forward with a new hydroelectric generation project, as well as irrigation
schemes. Scenario B assumes that two hydropower projects will be completed in Ethiopia: the TK-5 dam
on the Tekeze River (300 MW) and the Tana—Beles link (270 MW).22 The latter involves the diversion of
approximately 2.5 bcm annually from Lake Tana to the Beles River.> This scenario (B) also assumes that
Ethiopia will move forward with some of the irrigation schemes in its various master plans, withdrawing 2.3
bcm annually for those purposes (an additional 2 becm over present-day withdrawals of about 0.3 bcm).

30 It would be a mistake to compare other future scenarios to Scenario A because unilateral actions have already been taken that preclude the
conditions depicted in Scenario A from continuing into the future.

31 Adam at the Fourth Cataract near Merowe was proposed as part of the Century Storage Scheme (Hurst, 1952). However, at the time the
primary purposes of that reservoir were to increase water storage for Egypt, to re-regulate flows from over-year storage upstream, and to
provide additional flood control. The Merowe dam now under construction is expected to trap sediment that would have reached Egypt, thus
prolonging the economic life of the Aswan High Dam Reservoir.

32 The Team was not able to incorporate TK-5 into the DST model. Its hydropower generation and evaporation thus had to be estimated
separately.

33 The Beles joins the Abbay (Blue Nile) upstream of the proposed site for the Border Dam near the border between Ethiopia and Sudan.
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Egypt has already constructed a large pumping station on the western shore of the Aswan High Dam Reservoir to
withdraw water for a new irrigation scheme in the Toshka Valley.®* Water withdrawals for the Toshka Project reduce
the head and releases from the Aswan High Dam; further, the Toshka pumping station itself consumes electricity
generated by releases from the Aswan High Dam.?® Scenario B assumes that annual withdrawals from the Aswan
High Dam Reservoir for the Toshka Project reach 3 bcm. Egyptian releases from Aswan are assumed to be 52.5
bcm, for a combined withdrawal of 55.5 bem.

Scenario B uses the same 64-year hydrological sequence used for Scenario A, but assumes that the Merowe,
TK-5, and Tana-Beles dams and the Toshka irrigation scheme are in operation, and that Sudan and Ethiopia have
increased their withdrawals as estimated above. The results for this simulation are summarized in Table 3.

Reservoir Hydropower
evaporation Withdrawals generation Average deficit
losses (bcm/yr) (bcm/yr) (GWhlyr) (bcm/yr)
Egypt 14.3 - 10.8 5515 12,100 — 9,500 -
(8 at Toshka)
Sudan 45—-58 13.8 - 18 1,500 — 6,600 =
Ethiopia - 03—-23 950 — 3,4002 -
Total 18.8 — 16.6 69.6 —» 75.8 14,600 — 19,500 None

a Assumes about 1,000 GWh/yr from the TK-5 dam.

As shown, hydropower generation from the Aswan High Dam (net of the Toshka pumping station) decreases by
21% (from 12,100 to 9,500 GWh/yr). This decrease occurs because the Aswan High Dam is operating at lower
levels owing to increased upstream withdrawals in Ethiopia and Sudan and to the power demands of the Toshka
pumping station (340 GWh/yr) and reduced flows through the Aswan High Dam turbines. Hydropower generation
in Sudan has increased more than four times (from 1,500 to 6,600 GWh/yr) because Merowe has come online.
Hydropower in Ethiopia has more than tripled due to the completion of the Tana—Beles link and TK-5 (Figure 12).
Under Scenario B, most of the economic benefits from irrigation are still in Egypt (where most irrigation water

is used), but both Sudan’s and Ethiopia’s irrigation benefits (again assuming USD 0.05 per cubic meter) have
increased substantially compared to the existing conditions simulated in Scenario A.

34 The Toshka irrigation project should not be confused with the Toshka spillway mentioned above. Water will need to be withdrawn continuously from the
Aswan High Dam Reservoir to supply the Toshka irrigation scheme. The Toshka spillway is used only rarely to divert water from the Aswan High Dam
Reservoir during years of high floods when the reservoir is already full. In the future spills to the Toshka spillway will be very rare.

35 The term “head” refers to the difference between the elevation of the turbines in the hydroelectric generation unit and the water level in the reservoir. This
difference determines the pressure exerted on water released through the turbines, and is one factor in how much hydropower is generated.
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Evaporation losses in Sudan increase in Scenario B because of an estimated 1.3 bcm annual loss from the
Merowe Reservoir. By contrast, evaporation losses from the Aswan High Dam Reservoir decrease by 3.5 bcm
because the reservoir is operating at significantly lower levels, with a corresponding reduction in surface area.
Figure 13 shows the effect of evolving conditions (Scenario B) on storage in the Aswan High Dam Reservoir over
the course of the 64-year simulation. Three points are worth emphasizing about these results.

First, storage in the Aswan High Dam Reservoir is significantly lower on average in Scenario B than in Scenario A,
as annual withdrawals upstream have increased. Under these evolving conditions reservoir managers in Egypt will
thus have a less secure water supply compared to current conditions. The simulation shows that in most years
Egypt will enter the summer agricultural season (before the next flood) with less than one year’s target releases
stored in the Aswan High Dam Reservoir.

Second, even though the Aswan High Dam Reservoir operates at lower levels in Scenario B, Egypt remains able
to release 55.5 bcm annually (52.5 bcm from the Aswan High Dam and 3 bem to the Toshka Project); there are no
deficits over the course of the 64-year sequence. This does not mean that Egypt will in actuality never experience
deficits under evolving conditions; future hydrology may be different than in the recent past. However, the key
point here is that the Aswan High Dam was designed to handle conditions similar to those assumed in Scenario
B. It was always anticipated that the Aswan High Dam Reservoir would fluctuate over a much wider range and
operate at lower average storage levels than Egypt has in fact experienced since the Aswan High Dam was
completed. This is because when the Aswan High Dam was designed, it was assumed that upstream withdrawals
would be larger than they are today. That Egypt experiences no deficits in the evolving conditions of Scenario B
testifies to how well Egyptian, British, and Russian hydrologists and engineers actually understood the hydrology
of the Nile and how well they designed the Aswan High Dam.

Third, Figure 13 illustrates that the Aswan High Dam Reservoir has a long “memory,” in the sense that the effects
of both upstream withdrawals and downstream releases accumulate over time in its storage. The “memory” in the
storage is only cancelled when the storage fills to capacity and spills. This wipes out the “memory” of past actions
and “resets” the storage. However, this “erasing” of the reservoir’s memory will occur very rarely under the evolving
conditions depicted in Scenario B (it only occurs once in our 64-year simulation). Understanding the behavior of
storage levels at Aswan is important for all the Eastern Nile riparians. Over-year storage in the Aswan High Dam
Reservoir provides an important indicator of what is happening upstream and, thus, shows the bounds within
which increases in withdrawals are possible.®®

One important implication of Scenario B for Egypt is that water in excess of 55.5 bcm will no longer be available on a regular
basis. Under these conditions, Egypt will have to pay increased attention to efficient water management and salt export.

36 Itis worth reflecting carefully on what it means to say that the Aswan High Dam has a long memory. Appendix B discusses this concept in more detail,
using an analogy with storage of money in a bank account.
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Figure 12. Hydropower comparison in Scenarios A (current conditions) and B (evolving conditions)
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Figure 13. Storage in Aswan over the 64-year hydrological sequence in Scenarios A and B
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Prospects for JMP Investments in Selected
Sub-basins

In the evolving conditions simulated in Scenario B, it is assumed that Sudan increases its annual Nile
water use (withdrawals and evaporation losses) to 20.5 bcm, and Ethiopia expands its Nile water use
to 2.3 bcm, sufficient for about 600,000 hectares of irrigation. At the same time, Egypt remains able to
meet target withdrawals of 55.5 bcm annually over the 64-year simulation. For analytical purposes we
assumed that any JMP investments would be undertaken in addition to these evolving conditions.

This chapter explores the pros and cons of undertaking an initial set of JMP investments in three sub-
basins of the Eastern Nile—the Baro—Akobo-Sobat, the Tekeze, and the Abbay—in terms of the three
broad criteria endorsed by ENCOM. We focused on opportunities in Ethiopia because JMP investments
are intended to provide benefits to all three participating Eastern Nile riparians: anchor investments
downstream of Ethiopia did not meet that criterion.®”

Figure 14 provides an overall perspective on the hydrological cycle in these three sub-basins and each
sub-basin’s contribution to the water balance of the entire Eastern Nile basin. As shown, these three
sub-basins all have much more rainfall and surface water outflows than are experienced downstream
in Sudan and Egypt. Very little of Egypt’s water supply comes from rainfall; the vast majority originates
from surface water flows from Sudan. Egypt’s evapotranspiration®® outflows amount to about 57 bcm
annually; another 13 bbcm flow into the sea. Southward and upstream, rainfall in the Eastern Nile sub-
basin within Sudan plays a greater role but is still only about 30% of total inflows; evapotranspiration
there is about equal to surface water outflows. In all three of the Ethiopian sub-basins the hydrology
is dominated by rainfall. However, evapotranspiration losses still far exceed surface water outflows.
Of about 580 bcm of rainfall in Ethiopia annually, only 14% (about 80 bcm) makes it to a surface
watercourse that flows to Sudan.

37 For example, one interesting project that Egypt is considering is to build a dam upstream of the Aswan High Dam in what is now the middle
of the Aswan High Dam Reservoir, effectively splitting the reservoir in two. This would offer the advantage of two hydropower facilities instead
of just one, as well as increased possibilities for regulation and peak power generation. Although intriguing, this proposal does not meet the
criteria for an initial set of JMP investments, because benefits would only accrue to Egypt.

38 Evapotranspiration losses include crop water use, evaporation losses from reservoirs, and other system evaporation losses.
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Figure 14. Annual water balance for the Eastern Nile Basin
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The relative contributions of surface flows and rainfall to the available water supplies of Egypt, Ethiopia, and Sudan
have several implications. Rain-fed agriculture is not an option in Egypt, whose agriculture sector must rely on
irrigation. In Sudan both irrigation and rain-fed cultivation are important components of the agricultural economy.
In all three sub-basins in Ethiopia, rain-fed cultivation now plays a much greater role in the agricultural economy
than in either Egypt or Sudan. This indicates that programs to support the more effective conversion of this rainfall
into productive agriculture will be important to the future of Ethiopia. However, this does not mean that irrigation

in Ethiopia is necessarily less profitable than year-round irrigation in Egypt or Sudan. The economics of irrigation
schemes in all three countries depend on numerous factors besides rainfall, including macroeconomic and trade
policies and transportation infrastructure, and should be assessed on their individual merits.

The Baro-Akobo-Sobat Sub-basin

The Baro and Akobo rivers originate in the highlands of western Ethiopia and flow across the Gambella Plain to
form the Sobat River, which then flows into the White Nile at Malakal in Sudan. Figure 15 shows an image of the
Baro River as it emerges from the Ethiopian highlands. Because few gauging stations have maintained historical
records in this remote area, its hydrology is among the least understood in the entire Nile basin.®

Figure 16 shows another image of the area. The main channel of the Baro is shown joining the Akobo near
Ethiopia’s northwestern corner, bordering Sudan. Downstream of this junction the river is known as the Sobat;

it flows westward to join the White Nile at Malakal. West of Gambella, much of the flow of the Baro spreads out
over a flat marshy plain, dispersing through a multitude of small channels. These spills from the Baro-Akobo onto
the floodplains are supplemented by significant rainfall directly on the plains. Understanding the magnitude of the
contributions from both these sources is important when evaluating options for economic development and water
resources management. Some of this “sheet flow” reenters the main channels of the Baro and the Akobo west

of these marshes. The Gambella National Park in Ethiopia, an area of about 5,000 square kilometers in the plains
and low hills around Gambella, appears on the right of the image.

The Machar Marshes lie north of the main channel of the Baro (Figure 16, top). These are seasonal wetlands that
receive water both from rainfall and from over-bank spills of the Sobat and the Baro. In the rainy season these
wetlands expand to cover a large area east of Malakal and north of the Baro River (Figure 17). During the flood
season a small amount of water from the Machar Marshes enters the White Nile northeast of Malakal.

Over the years numerous proposals have been advanced for water resources development projects in the Baro—
Akobo-Sobat sub-basin. From a review of the literature and discussions with water resources professionals in the
Eastern Nile countries, the Team became particularly interested in two of these. First, there has long been interest
in the idea of utilizing water from the Machar Marshes (and other “water conservation” projects in the sub-basin) to
supplement the flow of the White Nile. Second, in its master plans Ethiopia has studied the possibility of storage
reservoirs at Gambella and other sites on the Baro for multipurpose regional development in the sub-basin,
including irrigation and hydropower generation (TAMS, 1997).

39 Writing in 1952, Hurst described that the Machar Marshes as “one of the very few unknown areas remaining in Africa” (p. 307). More is known today (see
Sutcliffe and Parks, 1998), but the area still remains remote and under investigated.
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Figure 15. View of the Baro River, looking upstream from the west
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Figure 16. The Baro-Sobat-Akobo river system, Gambella and Machar Marshes

F:'_uﬂ:'! Ghar

Gaml
Al

GiloiWenz

Akobo
:4‘;‘ i i B »
-ﬁ.tr'eul i. i

“-n- i 7

B TN,
#’ F’Ibnr uf" _ '-l-#

o Leira

Agwel

Birbir

Baro

Gilo*We

.

Opportunities for Cooperative Water Resources Development on the Eastern Nile: Risks and Rewards

39



40

Figure 17. Evapotranspiration in the Machar Marshes over the course of 2001
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Both Egypt and Ethiopia expressed interest in identifying the scale of the potential water conservation and
development opportunities this area might offer. We therefore decided to investigate whether these proposals
were attractive options for the initial set of investments under the JMP for the Eastern Nile riparians. To determine
whether engineering works to drain water from the Machar Marshes are likely to be economically feasible, one
needs to know whether the majority of the water in these wetlands comes from rainfall or from channel spills

from the Baro and Sobat. If most of the water comes from channel spills, engineering works (such as levees,
channel dredging, and upstream reservoirs) could prevent floodwaters from the Baro from spilling into the Machar
Marshes. But if the water in the Machar Marshes comes largely from rainfall, efforts to increase downstream flows
would likely require much more complex engineering works; the wetlands would need to be drained, and water
would have to be pumped from the wetlands into the Sobat and/or White Nile.

To better understand the potential of the Machar Marshes to increase downstream flows, the Team commissioned
WaterWatch B.V. to conduct a remote sensing study of annual evapotranspiration from these wetlands (2006c¢).
The resulting calculations revealed that the vast majority of the water in these wetlands comes from rainfall, not
over-bank spills. Figure 18 presents our best estimate of the water balance of the Machar Marshes. Spills from the
Baro and Sobat contribute about 1 bcm annually to the water in the Machar Marshes, compared to 11 bcm from
local rainfall on the wetlands.*® Our investigation also revealed that there is little if any elevation gradient from the
Machar Marshes to either the White Nile or the Baro. This means that any engineering works designed to collect
rainfall from the Machar Marshes during the flood season would most likely require extensive pumping. There is no
evidence that such large-scale drainage and pumping projects would be economically, socially, or environmentally
attractive in the near term.

The second group of development projects in this sub-basin is described in Ethiopian master plans
(Selkhozpromexport, 1990; TAMS, 1997). These master plans show that in the western Ethiopian highlands there
are numerous hydroelectric dam sites that could be developed (Figure 19). However, these hydroelectric sites are
typically quite small (<100 MW capacity) and would only produce power seasonally. They would provide little if
any over-year storage and few opportunities for irrigation. These sites may be developed to meet local electricity
needs, but they do not meet the criteria for the first set of JMP investments.

Farther downstream on the Baro a larger dam has been proposed at Gambella (with alternative upstream sites

at Tams and Bonga, and a downstream site at Itang). A number of designs have been proposed. In the Russian
master plan the dam is designed to be 50 meters high, have a large storage capacity of about 10.3 bcm (6.6 bcm
live storage), and have an installed capacity of 250 MW (Selkhozpromexport, 1990). As can be seen from the
topography shown in Figure 15, a reservoir behind a 50-meter dam at Gambella would flood a large area in the
sub-basin, much of which lies within the Gambella National Park.

One objective of this dam at Gambella would be to regulate annual flows of the Baro to prevent over-bank spills
to the Machar Marshes, thus increasing downstream flows into the White Nile. However, as discussed above, we
believe that net overbank spills from the Baro to the Machar Marshes are not more than 1 bcm annually. From
the modeling work done for this report, it appears that the potential regulation benefit to White Nile flows from

40 The WaterWatch analyses also showed that the amount of over-bank spills that can be saved from the entire Baro—Akobo wetland system is probably less
than 2 bem annually.
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Figure 18. Water balance for the Machar Marshes wetland system
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Figure 19. Potential hydropower and irrigation projects in the Baro-Sobat-Akobo Sub-Basin

Baro Akobo Basin

Source: ENTRO
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storage on the Baro would be no more than 0.5 bcm (assuming no withdrawals for irrigation within Ethiopia itself).
Moreover, it is presently unclear whether the channel capacities of the Baro and Sobat rivers are sufficient to
accomplish even that modest re-regulation benefit, and how much rechannelization work might be needed.

About 600,000 hectares of low-yielding rain-fed agriculture are estimated to be under cultivation in the sub-basin
today.*" The Ethiopian master plans (TAMS, 1997) report that there are 480,000 to 1.1 million hectares in the
sub-basin that could be developed for irrigation. However, the consultants who prepared these plans emphasize
the complex environmental and social ramifications of such irrigation development, and recommend focusing
development efforts on the region’s rain-fed agriculture potential. They estimate that some 800,000 additional
hectares may be suitable for rain-fed cultivation beyond present conditions.

Potentially irrigable land downstream of both the Gambella and the Itang dam sites is prone to flooding, and the
area has high precipitation during the rainy season. Significant engineering works would thus be required for these
lands to be adequately drained and protected from floods if they were to be brought into agricultural production.
This would add significantly to the costs of irrigation infrastructure. (The Team notes, in this context, that the
farther west one goes, the more arid the landscape; because the need for drainage infrastructure is reduced
accordingly, more possibilities are available for irrigated agriculture in that direction.)

Because there are natural levees near the Baro and Akobo rivers, some lands exist near water that are not subject
to flooding. These areas could probably be irrigated quite cheaply by pumping directly from the nearby rivers, as
they would not require upstream reservoirs and other expensive infrastructure. But here again, such small-scale
investments would not meet the criteria for a first set of JMP investments.

Both a dam at Gambella and efforts to drain the Machar Marshes would involve significant resettlement and
social issues. Currently about 2.2 million people live in the Baro—Akobo sub-basin, a population expected to
double by 2030. The area also currently sustains 2 million cattle and 1 million other livestock (excluding poultry)
(TAMS, 1997). A dam at Gambella could have adverse effects on the recessional agriculture currently practiced
in the area. Moreover, any water resources development and irrigation schemes would involve significant public
health issues. Malaria and African trypanosomiases (sleeping sickness) are both endemic in the sub-basin and
pose serious threats to human health. In addition, the sub-basin is far from markets and lacks transportation
infrastructure, such that moving any agricultural or hydroelectric surpluses from the area would be expensive
and difficult.

We see no evidence that cost-effective engineering works can be developed in the near or intermediate term in
the Baro—Akobo-Sobat sub-basin that would be sufficiently large to serve as anchor investments for an initial
JMP. Any future development projects would entail both costs and benefits to the local inhabitants of Ethiopia and
Sudan. Projects of this complexity require long lead times and especially careful planning. Given the history and

41 In their report TAMS concluded: “The improvements to rain-fed agriculture that have been proposed are realistic and [not only can] meet the food demands
of the population but also produce a surplus for export. There will be a total increase in food production from an annual production of 514,000 tonnes at
present to 3.9 million tonnes in 2035” (Executive Summary, 29).
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current situation in the region, the government and people of Sudan will only address these complex issues when
the circumstances are right to do so. As a consequence, developments in this sub-basin do not satisfy the criteria
for a first set of JIMP investments.

In summary, evidence from the latest satellite data on the hydrology of the Machar Marshes, together with the
prospect of complex environmental and social issues from any water storage or “water conservation” projects

to increase downstream flows in the White Nile, leads to the conclusion that the Baro—Akobo-Sobat sub-basin
does not offer attractive opportunities for an initial set of JMP investments for the Eastern Nile riparians, but more
studies are warranted so that the Eastern Nile riparians will have the information they need to properly assess
investment opportunities in the Baro—-Akobo-Sobat sub-basin in the future.

Tekeze-Atbara Sub-basin

The Tekeze River drains much of Northern Ethiopia. Its flows exhibit great seasonal variation and carry heavy
sediment loads. The Tekeze crosses the Ethiopia—Sudan border near Rumela (Figure 20), after which point it is
known as the Atbara. In Sudan the river flows northwest to join the Main Nile 300 kilometers north of Khartoum.
The Khasm El Girba Reservoir, the only major storage on the Atbara, feeds the New Halfa irrigation scheme
(approximately 113,000 hectares currently under cultivation)*? and generates an average of 43 GWh annually.
The Khasm El Girba Reservoir is subject to high sedimentation; its storage capacity, 1.3 bcm at the time of
construction in 1964, has diminished by more than 50% in the four decades since.

As noted earlier, Ethiopia is currently constructing a hydroelectric power generation dam on the Tekeze at a site
known as TK-5 (Figure 21). The 185-meter dam at TK-5 will have an installed hydroelectric capacity of 300 MW,
completion is expected in 2009. The TK-5 site, in a valley with steep canyon walls, appears to be a favorable
location for hydroelectric power generation.

The Ethiopian master plans show nine other potential hydropower generation sites for the Tekeze sub-basin. Only
one of these sites (TK-7B) has an installed capacity greater than 100 MW. Even though these dam sites have
excellent topographic characteristics, they offer only limited hydroelectric production potential because of low
flows and high seasonal variation.

The Ethiopian master plans also report 121,000 hectares of potentially irrigable land in the Tekeze sub-basin,
mostly on the plains near the Ethiopia—Sudan border (Figure 20). Similar opportunities to utilize water from the
sub-basin for irrigation can be seen in Sudan and Eritrea.

That hydropower generation sites on the Tekeze are relatively small is an advantage from the perspective

of planning additions to the Ethiopian power grid, as small hydroelectric power facilities can be more easily
matched with increases in national power consumption. Small hydropower dams on the Tekeze may thus prove
economically attractive to Ethiopia. However, these projects are not likely to create multipurpose benefits of

42 Based on information from ENTRO’s one-system inventory.
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Figure 20. Potential hydropower sites in the Tekeze Sub-Basin in Ethiopia
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Figure 21. Potential hydropower and irrigation projects in the Tekeze-Atbara Sub-basin of the Eastern Nile
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sufficient size to foster regional cooperation and economic integration. The Team thus concludes that none of
the currently identified projects in the Tekeze sub-basin are suitable for a first set of JMP investments. However,
the JMP could explore the possibility of investments in a regional grid, in which case hydropower projects on the
Tekeze could be attractive in a regional context.

The Abbay (Blue Nile) Sub-basin

The Abbay sub-basin in Ethiopia is a largely unregulated river system with extreme seasonal and annual variability,
steep gradients and high heads. It is characterized by very high sediment loads arising from rapidly eroding
watersheds. With watershed management and river regulation, there are major system-wide opportunities for
substantial improvement of rural livelihoods, major hydropower generation, irrigation improvement and expansion,
flood mitigation, and water conservation and storage. It has long been recognized that the sub-basin offers large
potential for multipurpose storage and hydropower generation. From its outlet at Lake Tana to the Ethiopia—Sudan
border, the Abbay falls 1300 meters, carrying a large volume of water (54 bcm mean annual flow, as reckoned

at the border). Recent studies have revised the initial USBR (1964) estimates of hydropower potential; it is now
estimated that the four largest project sites along the Abbay would have a combined installed capacity of 6,480
MW: Border (1,780 MW), Mendaya (1,700MW), Mabil (1,400 MW), and Karadobi (1,600 MW) (see Figure 22).43

Both the Ethiopian master plans and the USBR report also identify numerous other possible hydropower sites

on the tributaries of the Abbay. We have not investigated these proposed projects in detail, but believe that

most small dams on the tributaries will be subject to heavy sedimentation, resulting in diminished medium-term
performance. While many of these projects have the potential to yield significant local benefits, none is sufficient
in itself or in combination to deliver the scale of regional benefits necessary to underpin a first set of JIMP
investments. For example, these projects would not provide significant regional flood control or irrigation benefits.

Of the four large hydropower projects proposed on the Abbay, the Team has the most information about
Karadobi, because Norplan (contracted by Ethiopia) completed a pre-feasibility study for this project in 2006.4
An image of the Karadobi site shows clearly the steep canyon walls and high potential head (Figure 23). A
comparable image of the proposed Border dam site shows less attractive elevations (inundating significant areas
of arable land) and a higher surface area, which would lead to higher evaporation (Figure 24), as would the higher
temperatures at the Border site.

Currently annual electricity consumption in Ethiopia is approximately 2,000 GWh. Bringing a major hydropower
dam online on the Abbay, for example at Karadobi or at Mabil, would generate approximately 9,000 additional
GWh per year, much more than Ethiopia can utilize at present.* To be economically feasible, the electricity
from any major hydropower project on the Abbay would have to be sold to neighboring countries because

43 Studies now underway of investments options for the Blue Nile have identified a potential new site located between Mabil and Karadobi. This new site,
which would replace Mabil, is referred to as “Beko-Abo”.

44 Results from new pre-feasibility studies of the Mendaya and Border sites, conducted during 2007, were not available to the Team at the time it was doing
its analytical work.

45 As its development proceeds, Ethiopia could gradually utilize an increasing percentage of this hydropower generation to support its economic growth.
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the Ethiopian economy cannot utilize such a large amount of electricity in the near to medium term. A ready
market for this hydropower surplus exists in Egypt and Sudan. In Egypt, annual electricity consumption is
approximately 100,000 GWh, with an annual growth rate of 5%. Electricity from a large hydropower facility on
the Abbay would represent only about 1.7 years of Egypt’s growth. From the standpoint of increasing regional
cooperation and economic integration, we consider this attribute of a major hydropower project on the Abbay to
be an advantage. In addition, large storage facilities would provide other significant multipurpose benefits from
a regional perspective, including flood and drought management, more reliable flows for irrigation, and sediment
management.

The economic value of electricity from prospective hydropower facilities on the Abbay depends greatly on whether
it can be used in a regional power grid for firm power, or for daily peaking. Peaking power is typically worth three
to five times more per kilowatt hour than firm power. The consultants who prepared the pre-feasibility study for the
Karadobi dam assumed that the dam’s electricity output would be used for daily peaking, but they also assumed
for their preliminary economic analysis that the value of that electricity would be based on the replacement of firm
power elsewhere in the grid.

Yet it may not be advisable to operate a single dam on the Abbay to meet widely fluctuating daily peaking
demands: the resulting variations in flow would probably be quite damaging to areas of the river downstream of
the releases. However, two dams operating in cascade within the Blue Nile canyon would be able to minimize this
problem: electricity from the upstream dam could be generated in a pattern that followed daily peaking needs in
a regional grid while the downstream dam re-regulated the flows. For Ethiopia, Egypt, and Sudan, this capability
could be especially valuable, because the daily peaking needs of each country do not coincide precisely, owing
to different daily work patterns. A large hydropower dam with over-year storage on the Abbay could also prove
beneficial to downstream riparians in terms of both flood control and drought alleviation.

The Team thus concluded that a large multipurpose storage dam on the Abbay, particularly if part of a broader
program of coordinated investments, would meet the three main criteria for a first set of JMP investments: 1)
that benefits accrue to all countries; 2) that benefits are multipurpose in nature (such as hydropower, irrigation,
and flood control) and sufficiently large to promote regional cooperation; and 3) that the initial investments do not
foreclose future opportunities. As the proposed projects in the Baro—Akobo-Sobat and the Tekeze-Atbara sub-
basins do not meet these criteria, we narrowed our focus for the next portion of the report to an analysis of the
possibility of new storage on the Abbay.
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Figure 22. Abbay Sub-basin of the Eastern Nile, showing potential major hydropower dam sites

Atbara

Lake Tana
Roselres (275 MW)
Border (1780 MW)
Beles Wenzg

~ Blue Nile

b £ (1
o gh‘lﬁhil (1400 MW)

Mendaia (1700/MW)

Karadobl (1600, MW)

Birbir

Birbir

b ; B
laro I ¢ aMelrics g
|1': mi i - : schnalogies E”'IIL?I"'*I‘_I.J'

T s | _ Goo
. Baro Calar

Opportunities for Cooperative Water Resources Development on the Eastern Nile: Risks and Rewards



Figure 23. Karadobi dam site in the Abbay gorge, from the east

Figure 24. Border dam site along the Abbay, from the west
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Modeling Results
Blue Nile Development Scenarios (C, D, E, F) and
a Climate Change Scenario (G)

Table 4 summarizes the assumptions made in the construction of the scenarios discussed in this
chapter (as well as Scenarios A and B). As shown,

® Scenario C differs from Scenario B (evolving conditions) only by the addition of one dam on
the Abbay; target withdrawals remain the same.

® Scenario D makes two changes to Scenario C: 1) three more storage facilities are added on
the Abbay, and 2) target withdrawals in Ethiopia are increased by 3 bcm (5.3 bcm total).

® Scenario E leaves the infrastructure assumed in Scenario D in place and increases Ethiopia’s
target withdrawals by an additional 3 bcm (to 8.3 bcm in total).

® Scenario F leaves the Ethiopian target withdrawals the same as in Scenario E (at 8.3 bcm in
total) and reduces Egyptian target withdrawals to 53 bcm (from 55.5 bcm).

® Scenario G makes the same assumptions about infrastructure and target withdrawals as
in Scenario B (evolving conditions), but reduces all model inflows by 5% to illustrate the
sensitivity of these simulations to the possible effects of climate change.

The purpose our scenario analyses is not to suggest the best development path or to forecast what will
happen in the future; it is rather to illustrate what is possible in the Eastern Nile basin given the limited
shared water resources available.
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Egypt Sudan Ethiopia Total

withdrawals withdrawals withdrawals withdrawals
Scenario Infrastructure (bcm/yr) (bcm/yr) (bcm/yr) (bcm/yr)
A Current 55.5 13.8 0.3 69.6
B Current infrastructure 5085 18.02 2.3 75.8
+ Merowe
Tana-Beles link
TK-5 Dam
Toshka irrigation
C Evolving infrastructure 555 18.0 2.3 75.8
+ Karadobi
D Scenario C infrastructure 55.5 18.0 5.3 78.8
+ 3 other Blue Nile
dams (Mabil,
Mendaya, Border)
E Scenario D 5015 18.0 8.3 81.8
infrastructure
F Scenario D 53.0 18.0 8.3 79.3
infrastructure
G Scenario B 55.5 18.0 2.3 75.8
infrastructure®

2 These are withdrawals measured in Sudan, not at Aswan.
b The difference between Scenarios B and G is that system inflows in G are reduced 5% from the
historical sequence 1913-1976.

As a first step to explore how a large new storage reservoir on the Abbay might affect conditions on the Eastern
Nile, we added a dam at Karadobi to the assumptions in the evolving conditions (Scenario B) of the DST.
Karadobi was selected, rather than other possible Blue Nile dams, because the data from the pre-feasibility
study for Karadobi were readily available. This was for illustrative purposes only. Nevertheless, this scenario (C)

is of special importance because it shows what is practically possible to achieve as a first step in a JMP over the
medium term. The results of Scenario C show that in terms of the indicators generated by the model simulation,
a large multipurpose project at Karadobi would have significant positive benefits with few negative side effects or
downside risks (Table 5).
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Under the evolving conditions plus Karadobi scenario (C), mean annual hydropower generation in Ethiopia would
increase more than fourfold, to 10,100 GWh per year, more than Sudan’s 7,100 and slightly more than Egypt’s
9,600.4¢ Sudan’s hydropower generation would increase as a result of the improved regulation of the Blue Nile
flows and the increase in minimum flows during spring and summer months before the arrival of the annual flood.
Because net evaporation losses from a Karadobi reservoir are estimated to be small (0.2 bcm/yr) and variation

in the flows of the Blue and Main Nile would be reduced, hydropower generation from the Aswan High Dam
Reservoir would remain largely unaffected compared to Scenario B.

Reservoir Hydropower
evaporation Withdrawals generation Average deficit
losses (bcm/yr) (bcm/yr) (GWh/yr)? (bcm/yr)
Egypt 10.8 - 10.8 55.5 9,500 — 9,600 =
Sudan 58—-59 18.0 6,600 — 7,100 =
Ethiopia 0—-0.2 2.3 3,400 — 10,100 =
Total 16.6 = 16.9 75.8 19,500 — 25,800 None

a Assumes about 1,000 GWh/yr from the TK-5 dam.

A number of other advantages could accrue from the construction of a multipurpose project at Karadobi. As
shown in Figure 25, large storage could reduce peak flows arriving in Khartoum, bringing significant flood control
benefits to Sudan, provided that the Karadobi operating rules incorporated that objective. (However, achieving
such flood control benefits to Sudan could involve some hydropower generation tradeoffs.) Navigation in Sudan
would also be improved by flow augmentation during the low-flow spring and summer months (Figure 26). A
reservoir at Karadobi would reduce the current annual 140 million tons of sediment load that reaches Sudan by
60 million to 100 million tons, thus prolonging the useful life of the Sennar, Roseires, and Merowe reservoirs and
reducing the costs of irrigation system maintenance in Sudan. This would also allow Sudan to change the current
operating rules of its reservoirs to improve hydropower generation and to extend the period when reliable irrigation
supplies can be delivered to the Gezira and other irrigation developments. From the standpoint of social impacts,
resettlement is projected to be minimal in this illustrative case of Karadobi; such issues would need to be studied
for other sites.

46 The estimates of hydropower generation reported for Scenarios C, D, E, F and G depend on the operating rules chosen and the DST modeling tool. More
hydropower generation is likely possible at some sacrifice to other objectives, such as flood control and drought management.
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Figure 25. Hydrograph of Blue Nile flows in Khartoum for an illustrative high flood year (1929)
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Figure 26. Hydrograph of Blue Nile flows in Khartoum for an illustrative drought year (1940)
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Filing any large Blue Nile reservoir would have to be carefully managed as part of a regional cooperative effort that
balances the needs of all riparians. While the reservoir is being filled, flows downstream will be reduced. This will
result in lower levels at the Aswan High Dam Reservoir, and reduced evaporation losses. Over time, these reduced
evaporation losses will effectively “fill” the new reservoir upstream. In other words, the system will “self-correct,”
and a new equilibrium will be reached. However, if such a Blue Nile reservoir were completed during a period

of low flows, filling would need to be delayed so as not to affect adversely downstream riparians. After a Blue

Nile reservoir is filled with evaporation savings, water stored in the reservoir could be used to supplement water
supplies downstream during periods of drought. Such releases during drought conditions would result in reduced
hydropower generation for the Blue Nile dam, and agreement on operating rules would need to be negotiated
before construction began.

To probe the limits of what is possible for the Eastern Nile riparians in terms of water resources development, the
Team created a scenario (D) with three more storage reservoirs established on the Abbay (at Border, Mabil, and
Mendaya) and increased Ethiopia’s irrigation withdrawals by 3 bcm (from 2.3 to 5.3 bcm); this is 5 bcm more
water for irrigation than Ethiopia currently uses. This amount is sufficient to supply all the proposed irrigation
schemes identified in Ethiopia’s current master plans (approximately 1 million additional hectares). In this “full Blue
Nile development” simulation (Scenario D), hydropower generation in the basin almost doubles, from 26,800 to
45,000 GWh per year. Almost all of this increase occurs in Ethiopia (Table 6).4

Reservoir Hydropower

evaporation Withdrawals generation Average deficit

losses (bcm/yr) (bcm/yr) (GWh/yr)2 (bcm/yr)

Egypt 8.9 6B.5 8,600 Small,
manageable

Sudan 5.9 18.0 8,100 Small,
manageable

Ethiopia 0.7 5.3 28,300 -

Total 15.5 78.8 45,000 Manageable

a Assumes about 1,000 GWh/yr from the TK-5 dam.

47 ltis important to emphasize that in Scenario D, both the upstream withdrawals and the number of Blue Nile reservoirs are increasing. The deficits that
occur in this scenario are the result of the increased irrigation withdrawals, not the added infrastructure.
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As shown in Figure 27, as one moves from current conditions (Scenario A), to evolving conditions (B), to evolving
conditions plus Karadobi (C), to full Blue Nile development (D), irrigation benefits to Egypt are largely stable. The
big increase in irrigation benefits for Sudan comes in the change from A to B, when Sudan increases its annual
target water withdrawals to 18 bcm.*8 Ethiopia experiences increases in the movement from A to B (0.3 to 2.3 bcm)
and also from C to D (2.3 to 5.3 bcm). From a basin-wide perspective, most of the irrigation benefits are already in
Egypt in the current conditions scenario (A). The big economic changes occur in the dramatic increases possible in
hydropower generation in Ethiopia in the full Blue Nile development scenario (D).

As more water is used in the basin for irrigation, there is less in storage that can be lost to evaporation. As shown

in Figure 28, as one moves from current conditions (A), to evolving conditions (B), to full Blue Nile development

(D), system-wide reservoir evaporation losses decrease from approximately 18.8 bcm to 15.5 bcm. This finding
illustrates a key message: the Eastern Nile riparians must use Nile water, or it will be lost to evaporation (“Use it or
lose it”). However, this increase in the mean annual water available for irrigation and other consumptive uses comes
at a cost: there is less water in storage at Aswan for use in times of drought. There is thus a tradeoff between

risks (reduced storage to mitigate deficits in low-flow sequences) and rewards (increased mean withdrawals). The
important point is that if Egypt, Ethiopia, and Sudan can manage their economies to mitigate the consequences of
reduced water withdrawals in a few low-flow years, then higher withdrawals are possible in most years.

Figure 29 demonstrates this risk-reward tradeoff, showing the storage level in the Aswan High Dam Reservoir
over the course of the 64-year simulation under the infrastructure and irrigation assumptions in the full Blue Nile
development scenario (D). This is the first of the simulations described in this report in which the Aswan High Dam
Reservoir drops to its dead storage level of 30 bcm and deficits appear in Egypt’s target release of 55.5 bcm. In
this scenario (D), the hydrological “memory” of increased upstream withdrawals in Ethiopia and Sudan cumulates
in the Aswan High Dam Reservoir, and the reservoir runs even lower than in the evolving conditions scenario (B).*°
In the low-flow sequences simulated from data from the 1940s, Egypt cannot meet its target withdrawals.®®

Figure 30 shows that the principal deficit hits in just one year (year 33), and totals about 11 bcm. With regional
cooperation and advance planning, storage on the Blue Nile could be used to release water outside of the
hydropower generation pattern in order to mitigate irrigation deficits downstream. The portion of this 11 bcm deficit
that remained could be equitably shared among the Eastern Nile riparians. Drawing upon our knowledge of other
river basins around the world, we believe that a deficit of this magnitude, occurring about once every 60 years,
should be manageable and is a reasonable price to pay for the increased irrigation withdrawals and associated
benefits possible in other years. The risk-reward tradeoff appears acceptable in the sense that the frequency

of deficits is low and the damages associated with the occasional deficit are modest if spread across the three
countries.

48 This target withdrawal of 18 bcm does not include evaporation losses from reservoirs in Sudan.

49 These results are mainly the consequence of the increased upstream withdrawals, not the Blue Nile dams themselves. In other words, in this full Blue Nile
development scenario (D), if upstream withdrawals were increased without the increased Blue Nile storage, the results would be essentially the same.

50 As noted in Chapter 3, these deficits at Aswan should be viewed as system-wide shortfalls in irrigation withdrawals that would need to be shared among
the Eastern Nile riparians.
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Figure 27. Estimates of annual hydropower and irrigation benefits from development in
Scenarios A, B, C, and D
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Figure 28. Estimates of annual evaporative losses from storage in Scenarios A, B, C, and D
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Figure 29. Storage in Aswan over 64-year hydrological sequence in Scenarios A, B, and D
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Figure 30. Deficits at Aswan in Scenario D
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Figure 31. Deficits at Aswan in Scenarios E and F
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To further test the limits of what is possible, the Team ran an additional full Blue Nile development scenario (E),
this time increasing upstream withdrawals in Ethiopia by an additional 3 bcm (6 bcm over Scenario B, 8 bcm

over Scenario A, to 8.3 bcm in total).5' Table 7 presents the results for hydropower generation and evaporation
losses. Figure 31 shows the consequences for deficits in Egyptian target releases of 55.5 bcm. In this scenario (E)
large deficits at Aswan occur often; in six years of the 64-year simulation the deficits are larger than 6 bcm. We
believe that the deficits in this simulation could not be managed or significantly mitigated by upstream storage; the
Egyptian agricultural sector could not continue to function in the same manner as it has since the completion of
the Aswan High Dam. We emphasize that Scenario E is not a prediction of future conditions, nor is it a desirable
outcome. We have increased irrigation withdrawals in Scenario E beyond the limits of what is sensible to illustrate
why continued unilateral development is dangerous and regional cooperation is needed.

Reservoir Hydropower
evaporation Withdrawals generation Average deficit
losses (bcm/yr) (bcm/yr) (GWh/yr)? (bcm/yr)
Egypt 7.5 5585 7,700 Large,
unmanageable
Sudan 5.9 18.0 7,700 Small,
manageable
Ethiopia 0.7 8.3 27,800 =
Total 141 81.8 43,200 Unmanageable

a Assumes about 1,000 GWh/yr from the TK-5 dam.

It is important to understand why the pattern of deficits in Figure 31 would have severe consequences for Egyptian
irrigated agriculture. At first glance, these deficits might not appear too harmful; there are only five deficits greater
than 10 bcm over the 64-year simulation, and 10 bcm is only an 18% reduction from the target releases at Aswan
of 55.5 bem. However, the evaporation, conveyance, and field efficiency losses in the Nile and irrigation system in
Egypt downstream of the Aswan High Dam are on the order of 15 to 20 bcm annually. This is best viewed as the
fixed cost of getting water to the crops and cannot easily be reduced. Net municipal and industrial water use is
approximately 2 bcm annually and growing. Thus, the approximately 30 to 35 bcm normally used by crops would
have to be reduced by approximately 10 bcm (about one-third of the water used by crops annually), with large
adverse consequences for agricultural planning and production and salinity management. Moreover, because of
the long hydrological memory of the Aswan High Dam Reservoir, deficits occur in clusters, which

would make their economic consequences even more severe.®

51 The impact on the Aswan High Dam Reservoir would be essentially the same if this additional 3 bem were withdrawn by Sudan instead of Ethiopia.
52 Over the 64-year simulation three of the five deficits in excess of 10 bem occur within a 5-year period.
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The scale of deficits resulting from Scenario E (full Blue Nile development plus 3 bcm upstream withdrawals)
would have a profound negative impact on Egyptian agriculture. There are three main ways that these deficits
could be reduced: 1) system losses could be further reduced; 2) Sudan or Ethiopia could reduce withdrawals;
or 3) Egypt could reduce its target releases of 55.5 bcm. Because of the long-term memory of the Aswan

High Dam Reservoir, all three options require permanent reductions; they are not just annual drought mitigation
measures. Regarding the first option, we believe that the cheapest source of “new” water in the Nile basin would
be to reduce the large evaporation losses from the Gebel Aulia Reservoir in Sudan. Changing the operation of
Gebel Aulia Dam to reduce evaporation losses would require that compensation be paid to existing farmers and
agreement reached on how the water savings would be used. Both of these tasks would best be tackled by a
river basin management institution within the context of regional cooperation.

The Team ran an additional scenario (F) to illustrate the reductions in Egyptian withdrawals that would be
necessary to reduce the unmanageable deficits in Scenario E to a manageable level similar to those in Scenario
D. Table 8 presents the results for hydropower generation and evaporation losses for Scenario F. Figure 31 shows
what would happen if Egypt reduced its target withdrawals from 55.5 bcm to 53 becm. In this case the annual
deficits are reduced to a pattern much closer to the full Blue Nile development scenario (D), effectively allowing
Ethiopian withdrawals to remain at 8.3 bcm with manageable deficits downstream.®®

Reservoir Hydropower
evaporation Withdrawals generation Average deficit
losses (bcm/yr) (bcm/yr) (GWh/yr)@ (bcm/yr)

Egypt 8.7 53.0 8,100 Small,
manageable

Sudan 5.9 18.0 7,700 Small,
manageable

Ethiopia 0.7 8.3 27,800 =

Total 188 79.3 43,600 Manageable

@ Assumes about 1,000 GWh/yr from the TK-5 dam.

53 Note that in Scenario F the deficits are measured in relation to a reduced Egyptian target release (53 bem).
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Figure 32 presents one way of looking at this tradeoff between risks and rewards. Mean annual economic benefits
over the 64-year simulation are shown on the vertical axis (irrigation plus hydropower, again assuming USD

0.06 per kWh and USD 0.05 per cubic meter of water used in irrigation). The mean annual deficit from target
withdrawals is shown on the horizontal axis. This metric makes the magnitude of deficits appear small, and we
emphasize that these deficits are concentrated in just one or a few years of the simulation. The key messages

are, first, that economic benefits can be increased by approximately 3% to 4% in every year of the simulation if
the Eastern Nile countries are willing to cooperatively manage very modest deficits (annual mean deficits of about
0.5% of target withdrawals). Second, as infrastructure increases, the risks are reduced.

The serious disruption to Egypt’s agricultural economy depicted in Scenario E could also arise from climate
change. To illustrate the uncertainty introduced by climate change, we ran an additional scenario (G) in which
climate change was assumed to reduce the annual inflows at all locations in the DST model by 5%. This reduction
was then imposed on Scenario B (evolving conditions).>* The resulting simulation indicated a reduction in annual
inflows to Aswan of about 8% on average. In other words, if climate change were to reduce system inflows, these
reductions would be magnified downstream.®® As shown in Figure 33, the Aswan High Dam Reservoir operates

at significantly lower levels in Scenario G than in Scenario B. Egypt experiences deficits more frequently over the
course of the 64-year simulation: in seven years rather than one year, and three of these deficits exceed 10 bcm.
Thus a relatively small decrease in system inflows can have effects similar to the upstream withdrawals in Scenario
E, which we judged to create unacceptable risks.

These results in Scenario G illustrate how climate change could affect Eastern Nile riparians and how regional
cooperation could become essential to confronting such challenges. We emphasize again that in the DST
model, although these deficits show up at Aswan in our scenarios, they are best considered as system-wide
shortfalls before any cooperative attempt by the Eastern Nile countries to share them more equitably. Of course,
the converse is also true: if a 5% increase in runoff occurred as a result of climate change, the Aswan High

Dam would not experience any deficits. This illustrates the sensitivity of the Nile system to quite small changes,
reinforcing the Team’s conclusion that a cooperative approach is needed to deal with the uncertain future.

54 For lakes (such as Lake Victoria), the net rainfall (rainfall minus evaporation) was reduced by 5%: that is, if net rainfall was positive, it was reduced by 5%; if
net rainfall was negative, it was made more negative by 5%.

55 To see why this magnification would occur, consider a simple example. Suppose the amount of water available in the system was 80 bcm/yr and that
demands upstream of Aswan were 20 bcm/yr. There would then be 60 bem/yr of water arriving at Aswan. Now suppose that the available water were
reduced by 5%, to 76 bcm/yr. Because upstream demands remain constant, the amount of water flowing into Aswan would be 56 bem/yr. Thus, a 5%
reduction in inflows leads to a larger reduction (6.7%) at Aswan. Changes in evaporation and conveyance losses would occur as well, leading to an even
higher reduction. In terms of the magnitude of river flow, the effects of climate change thus largely fall on Egypt.
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Figure 32. The risk/reward tradeoff
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Figure 33. Storage in Aswan over 64-year hydrological sequence in Scenarios E and G
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Summary and Conclusions

The Scoping Study Team’s analyses have shown that reservoir evaporation and channel losses are
extremely high in the Eastern Nile basin and that a cooperative approach to their management is
needed in order to increase the water available for consumptive use. Without a cooperative approach,
there is little incentive for upstream riparians to invest in the necessary engineering works or to adopt
operation policies to reduce such losses, because it is unclear how the benefits would be shared.

The amount of water evaporated from the many broad floodplains in the Nile system is also extremely
large. However, converting these “losses” into a reliable increase in yield that might be available for
additional consumption downstream would be costly and would have complex environmental and
social conseguences. These economic, social, and environmental issues should receive careful
investigation before any such schemes are seriously contemplated. There is little incentive for upstream
riparians to support such schemes until it is clear that a cooperative framework is in place.

The largest volumes of water resources in the Eastern Nile basin are in the Ethiopian highlands.
Currently about 500 bcm of water evaporates annually from the surface of water bodies, from land
surfaces, or through vegetation. Activities that would make better use of this water to produce more
food and fiber, while at the same time reducing sedimentation and enhancing environmental values,
should be a cornerstone of any JMP.

The seven scenarios presented in this report have been designed to illustrate how increasing upstream
development (withdrawals) in Sudan and Ethiopia, selected new infrastructure projects, and climate
change could affect the possibilities for an initial set of JMP investments. For purposes of illustrating

the limits to system-wide withdrawals, in most of these scenarios Egyptian target water withdrawals

are kept at baseline levels approximating current conditions. Most of the changes introduced into the
scenarios occur in the infrastructure projects and in Sudanese and Ethiopian water withdrawals. Total
annual water withdrawals (not including losses to evaporation and conveyances) vary from about 70
bcm to 82 bem. We show that system-wide withdrawals of 82 becm wiill result in unacceptable deficits in
some years.
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From the modeling results for these scenarios and from our deliberations, we conclude that it is possible for

the Eastern Nile riparians to undertake an initial set of JMP investments on the Eastern Nile that will meet

all of ENCOM’s criteria: 1) benefits to all participating countries; 2) multipurpose goals; and 3) “no regrets”
commitments that will not forestall future opportunities. The anchor investment of this JMP initiative could be a
large multipurpose and hydropower project on the Blue Nile in Ethiopia (Scenario C). Although detailed economic,
financial, and environmental analyses remain to be done, the information presented in this report shows that a
large new storage project on the Blue Nile would likely provide significant multipurpose benefits to all three Eastern
Nile riparians, particularly if part of a broader coordinated development program.

Ethiopia stands to benefit in financial terms from the sale of large amounts of hydropower to downstream
riparians. Revenues from the sale of the hydropower could repay any loans for dam construction and could
fund efforts to improve living conditions and environmental management, including watershed protection and
reforestation in the highlands. Resettlement and environmental issues appear to be minimal (and could be
mitigated); evaporation losses would be small.

Sudan would benefit in several ways from a large multipurpose storage upstream on the Blue Nile. The flood peak
in Khartoum could be reduced with coordinated reservoir operation. Navigation would be improved in the spring
and summer months before the arrival of the Blue Nile flood. Sediment loads reaching the Sennar and Roseires
reservoirs would be reduced. Increased regulation would improve hydropower generation and also water delivery
to the Gezira scheme, enabling more intensive, profitable year-round cultivation.

Egypt also stands to benefit from upstream storage in important ways. Depending on the outcome of the power
trade negotiation, Egypt would receive an alternative source of reliable, potentially inexpensive electricity. Egypt
could also benefit from coordination of the operating policies of the new upstream storage with the Aswan

High Dam in order to mitigate future drought conditions and the consequences of climate change. There would
be increased opportunities for trade and regional integration with its Nile neighbors. Regional integration and
trade should be especially important to Egypt because market forces will likely highlight Egypt’s comparative
advantages in irrigated agriculture. Moreover, a large multipurpose and hydropower project on the Blue Nile would
“lock in” regional cooperation (Whittington, Wu, and Sadoff, 2005).

Regional cooperation is required to achieve the full benefits of new storage on the Blue Nile, as well as to

better manage risks. The key negotiation in this initial JMP deal would be the electrical power trade between
Ethiopia and downstream riparians. Another important negotiation would be to determine the reservoir operating
arrangements for a Blue Nile dam in order to maximize regional benefits, minimize flood damages, manage
drought risks, and ensure that adverse consequences do not occur from filling the reservoir.

The unilateral developments now under way in the basin (described here in Scenario B, evolving conditions)
clearly will place new stresses on the water resources in the Eastern Nile. The Aswan High Dam Reservoir will run
significantly lower, closer to its design conditions.
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There are four reasons why there is sufficient water to meet the increased target withdrawals assumed in
Scenarios B, C, and D. First, the evaporation savings from running the Aswan High Dam Reservoir at much lower
levels would be about 4 bcm. The Eastern Nile riparians would achieve these evaporation savings from the Aswan
High Dam Reservoir because Sudan and Ethiopia would be using (and evaporating) more water upstream. Inflows
to Aswan would be lower, storage would be lower, and evaporation would be reduced. Second, by operating at
lower levels, in Scenario D (full Blue Nile development) the Aswan High Dam Reservoir never spills into the Toshka
spillway over the course of the simulations. Here again, the Team’s key message is “Use it or lose it”— either to
evaporation, or to spills. Third, the hydrology used in the simulation (and the actual hydrology of the century just
past) is higher than that assumed in the 1959 Agreement, allowing for additional water use.

Fourth, most of the consumptive use of water in the Eastern Nile basin is in irrigated agriculture, and there are
significant opportunities to increase water availability by improving water use efficiency in both existing and any
new irrigation schemes. This is particularly the case in government-managed schemes with gravity-fed irrigation
(such as the Gezira in Sudan), and through changes in crop mix in Egypt and Sudan (such as shifting out of

the cultivation of water-intensive crops such as rice and sugar cane). In addition, we believe it is important in all
three countries to ensure that water is used efficiently in any new irrigation schemes. We did not make detailed
calculations of such potential water savings, but are confident that they are sizeable. Given the large amount of
water currently used for irrigation in Egypt and Sudan, and new irrigation projects planned in Ethiopia, policies
and investments designed to improve water use efficiency should be key elements of any JMP, and should focus
on: 1) improvements in the efficiency of existing irrigation delivery infrastructure and on-farm water use; 2) ways to
speed up the adoption of new irrigation technologies; 3) the creation of incentives to improve crop mix decisions;
and 4) farmer training and education.

Although irrigation withdrawals can be increased somewhat over evolving conditions, the Eastern Nile riparians
are approaching the limits of what is possible in terms of conventional surface irrigation with the available water
resources of the Eastern Nile. As described in the scenarios presented in this report, the Eastern Nile riparians
face an increasingly complex set of water management issues. More water can be withdrawn for irrigation

and other uses, and more hydropower generated, but these increased benefits do not come free. There is a
risk—reward tradeoff. In order to increase benefits derived from the Nile, Ethiopia, Sudan, and Egypt must work
together to manage the risks associated with evolving conditions and new investments in water resources
infrastructure.

Regional cooperation on the Eastern Nile is needed for managing this risk-reward tradeoff. We believe that the
basin-wide implications of climate change, salinity management, and watershed management (in the Ethiopian
highlands) pose demanding challenges that can only be addressed through cooperative action. The analyses
presented in this report show not only that mutually beneficial investments are possible, but also that a regional
approach to water management is urgently required.
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Appendix A:
The Nile Decision Support Tool (DST)
Simulation Model

A good knowledge base and modeling tools are required to study development options on the Eastern
Nile. In the past there has been only limited sharing of data and water resources development plans
among the Eastern Nile riparians. In 2006 ENTRO initiated a data collection effort to build a “one-
system inventory” for the Eastern Nile. ENTRO requested that Egypt, Sudan, and Ethiopia provide
economic, social, environmental, infrastructure, and hydrological data in a standard format in order to
create a common, high-quality database for basin-wide planning purposes. Although the “one-system
inventory” is not yet complete and access to consistent data remains an issue in the basin, data sharing
is improving rapidly. The Team has had access to much information that has not been widely available,
including master plans and other previously confidential documents prepared by individual countries.

Over the next few years (2007-2010) ENTRO plans to build a state-of-the-art Eastern Nile Planning
Model and to use the information from the “one-system inventory” to ensure that this model

accurately characterizes hydrological conditions in the Eastern Nile as well as the economic, social,
and environmental conditions in the riparian countries. The Team believes that until this new ENTRO
planning model is finished, the best available simulation model for the Eastern Nile is the Decision
Support Tool (DST) created by Professor Aris Georgakakos and his colleagues (Yao and Georgakakos,
2003a and 20083b). With funding from the United Nations Food and Agriculture Organization, Professor
Georgakakos has worked with numerous Nile basin countries to create a variety of computer models
for use in the Nile basin. The DST can be used to simulate the Nile under different hydrological and
infrastructural conditions. Many water resources professionals in the Nile basin have been trained in the
use of the DST, and the strengths and weaknesses of this model are well known in the basin.

Overview of DST

The Nile DST River Simulation was developed to assess the impacts of various system constraints
and operation policies by using historical data as a basis for analysis and projections. For any
selected interval in an available historical sequence, the model proceeds by 10-day increments.
The model tracks the actual recorded inflows and releases for all reservoirs for 10-day time steps,
then simulates reservoir elevation, power generation, and withdrawal requirements and deficits
over time. The model can be used to compare various user-specified system configurations, water
withdrawal practices, control policies, and other operational constraints.
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Model inputs and outputs

The specific simulation model adopted for this report includes 8 existing and 5 potential reservoirs, and
17 other nodes in the river system. Data input for the model include:

® Flows (based on 64-year historical data, 1913-1976)

® Reservoir storage limits

® Reservoir downstream minimum constraints

® Water withdrawals

® System configuration (potential projects on/off in selected simulations)

® Reservoir release rules (5 release rule options available for each single reservoir operation;
coordinated rules are possible):

o Elevation vs. discharge functions

o Elevation vs. discharge rule coefficients
o Target elevation and release

o Customized release rule

0O Regional coordination release rules (release coordination among Equatorial Lakes, and among
potential Ethiopian reservoirs on the Blue Nile).

For each reservoir, the following are estimated:
® Elevation/storage
® Release
e Inflow
® Energy
® Spillage
e Withdrawal deficit

® Evaporation loss.

For each river node, the following quantities are estimated:
® Inflow
e Withdrawal deficit
® Minimum flow

@ River flow.

The DST model has an interface that allows users to change many of these input parameters and to
customize outputs.

Opportunities for Cooperative Water Resources Development on the Eastern Nile: Risks and Rewards



Use of modified DST for this scoping study

The Team worked with Professor Georgakakos and his colleagues to modify the DST planning model in
two ways that would facilitate the scoping process adopted for the present study. One modification was
the addition to the model of three new infrastructure projects that are under construction or planned in
the Eastern Nile countries:

@ The Toshka pumping station and irrigation project in the desert west of the Aswan High Dam
Reservoir in Egypt

® The Merowe Dam on the Main Nile in Sudan (350 kilometers northwest of Khartoum)

® The Tana—Beles hydropower project in Ethiopia.

The second maodification to the model involved the development of a simple approach for coordinating
the operation of various dams on the Eastern Nile.

Updated information from the Karadobi pre-feasibility study and ENTRO’s one-system inventories
(Norplan, 2006; ENTRO 2006), including updated hydrology for Ethiopia, were also incorporated into
this modified model.

Although many other adjustments and improvements could be made to the DST model to better
support decision making regarding the water resources systems of the Eastern Nile basin, the Team
believes that the modified DST described above captures the physical and hydrological features of the
Eastern Nile and the implications of associated infrastructure with sufficient detail for scoping purposes.
This modified DST is powerful enough to test a number of interesting and relevant scenarios. The most
informative of these scenarios have been included in this report.
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Appendix B:
The Concept of a Reservoir’s “Memory”

This assessment used storage in the Aswan High Dam Reservoir as one important indicator of what

is happening in the river system because this reservoir has a long memory. It not only stores water but
also stores information about what has happened in prior years. To better understand this concept that
some reservoirs have a long memory, consider an analogy with an individual’s bank account.

Storage in a reservoir is like the balance in an individual’s bank account. Inflows to the reservoir are like
a regular addition (deposit) of salary to a bank account; reservoir releases are like expenditures (writing
checks) on the bank account. High floods are similar to a salary bonus (deposit): they may come along
occasionally and increase the balance of a bank account, but one does not know when they will occur.
In this hypothetical bank account, the individual starts in year 0 with a balance of USD 10,000 (the Team
started the simulation with an initial storage in the Aswan High Dam Reservoir of 100 bcm). Each year
the individual’s annual salary of USD 1,000 is deposited, and he makes withdrawals of USD 2,000. In
years 5, 10, and 20 he receives a USD 5,000 bonus. As shown in Figure 34 (blue line) the annual year-
end balance slowly drifts downward over the 20-year sequence. Similarly, the quantity of water stored
in the Aswan High Dam Reservoir fluctuates in Figure 13. In these simple financial calculations there are
no additions to the individual’s account for interest, or deductions for bank fees (reservoir evaporation
losses would be like bank fees and reduce the balances in the individual’s account on a regular basis).

Now suppose that the annual salary is reduced from USD 1,000 to USD 800, but the expenditures

and bonuses stay the same. In this case the year-end balances in the account drift lower more quickly
because in the current year the bank account does not start anew, but rather is affected by the fact that
in each prior year the annual salary deposits were also lower (Figure 34, brown line). In a similar manner
the storage level in the Aswan High Dam Reservoir drifts lower in the Team'’s simulation because high
floods are not sufficient to compensate for the regular annual increase in upstream withdrawals when
Egypt attempts to release 55.5 bcm every year of the simulation (Figure 13).

In Figure 34 (brown line) the year-end bank balance becomes negative in some years, which simply
means that this individual needs a loan from the bank or must cut expenditures. In Scenarios A and B,
storage in the Aswan High Dam Reservoir never becomes negative. However, as upstream withdrawals
increase further, negative storage balances in some years become inevitable, which means that deficits
from target reservoir releases would occur. However, just as a bank covers a deficit in an individual’s
account (covering a negative balance with a loan), if there were reservoir storage upstream of the
Aswan High Dam Reservoir, upstream riparians could theoretically release additional water to reduce
or eliminate any deficits that might arise. Just as permanent reductions in an individual’s annual salary
would necessitate adjustments to a person’s annual expenditures, the implications of the unilateral
developments currently planned and underway will require Egypt to reduce its spills to the Toshka
spillway and reduce releases at the Aswan High Dam in excess of 55.5 bcm.
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Figure 34. The concept of long-term memory, using the example of balances in a bank account
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Not all reservoirs have a long memory. If the storage capacity is small relative to the size of the annual inflows,
each year the flood fills the reservoir and spills occur, effectively erasing the information about past conditions
(by “resetting” the storage level). What is unique about the Aswan High Dam Reservoir is its large size relative
to annual flows. This means that it very rarely spills over the course of the simulations in this study’s scenarios.
Thus, its storage level tells a story (contains information) about the past sequence of floods, droughts, upstream
withdrawals, and release patterns at the Aswan High Dam.
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